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that	 some	 species	 of	 Sinotaia	 should	 be	 revised	 to	 morphotypes	 instead	 of	 over-classified	 species.	 Here,	
microsatellite	 markers	 and	 landmark-based	 geometric	 morphometric	 analysis	 were	 used	 to	 examine	 the	
genetic	 differentiation	 and	 shell	 shape	 variations	 of	S.	 quadrata	 in	 both	China	 and	 Japan.	An	 inconsistency	
between	genetic	variations	and	shape	variations	was	detected,	thus	suggesting	that	using	minor	shell	shape	
variations	is	an	invalid	way	to	classify	each	described	instance	of	S.	quadrata	as	an	independent	species.	The	
shell	 shape	 variation	 has	 no	 clear	 separations	 but	 shows	 plasticity	 under	 various	 local	 environments.	 The	




distributed	 freshwater	 snail	 species	 in	East	Asia,	Sinotaia	quadrata,	was	used	 to	 investigate	 this	 issue.	 It	 is	
unclear	 if	 S.	 quadrata	 in	 Japan	 was	 introduced	 from	 China,	 and	 how	 different	 human	 uses	 and	 varying	
geographic	 patterns	 affect	 the	 contemporary	 population	 genetics	 between	 the	 two	 regions.	 Thus,	 the	
demography	of	S.	quadrata	and	its	genetic	structure	in	Japan	and	continental	East	Asia	were	detected.	Results	
showed	 that	S.	 quadrata	 populations	 first	 naturally	migrated	 from	 continental	 East	Asia	 to	 Japan,	which	 is	
associated	with	the	ancient	period	in	Japanese	geohistory	(about	70,000	years	ago).	They	were	then	artificially	
introduced	 in	association	with	human	movements	 in	 two	recent	periods	(about	8000	and	1200	years	ago).	
Populations	 in	different	parts	of	 Japan	have	their	own	sources.	Natural	migration	 in	 the	ancient	period	and	
artificial	 introduction	 in	 the	 recent	 period	 suggest	 that	 the	 population	 distribution	 is	 affected	 by	 both	 the	
geohistory	of	East	Asia	and	the	history	of	human	expansion.	In	the	background	of	the	historical	migration	and	












Asia,	 there	were	 close	paleogeographical	 relationships	among	 the	 continent,	 the	Korean	peninsula,	 and	 the	
Japanese	archipelago.	The	 frequently	 changes	of	paleographical	patterns	 since	Pleistocene,	 reflected	by	 the	
repeated	shelf	exposure	 in	 the	regions	connecting	with	continental	East	Asia	and	 the	 Japanese	archipelago,	
potentially	 played	 an	 important	 role	 in	 shaping	 the	 demographic	 history	 of	 this	 species	 in	 East	 Asia.	 To	




Last	 Glacial	 Maximum	 (LGM).	 The	 non-continental	 populations	 increased	 during	 the	 early	 Pleistocene	 (~	
2.3−0.8	Ma)	and	shrank	to	the	small	sizes	during	the	mid-Pleistocene	(~	0.8−0.13	Ma)	probably	because	of	the	
larger	 variations	 of	 climate	 and	 the	 possible	 paleogeographical	 changes	 that	 totally	 made	 the	 Japanese	
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Then,	Haas	 (1939)	 defined	 the	 taxonomy	 of	 Asiatic	 viviparids	 to	 two	 large	 groups	 based	 on	 the	 shell	 size,	
thickness,	and	shell	adornments,	and	firstly	defined	Sinotaia	as	a	subgenus	of	Taia	(“Sino-”	was	annotated	as	
“China”)	and	Paludina	quadrata	as	the	type	species	of	it.	Almost	in	the	same	period,	Yen	(1939)	defined	that	
Snotaia	 aeruginosa,	 Sinotaia	 turritus,	 Sinotaia	 ecarinatus,	 Sinotaia	 dispiralis,	 Sinotaia	 reevei,	 and	 Sinotaia	









However,	 it	 is	 worth	 noting	 that	 the	 genus	 Sinotaia	 in	 East	 Asia	 has	 a	 controversial	 name,	 Bellamya	
(Jousseaume,	1880),	which	is	proved	to	be	the	specific	genus	distributed	in	Africa.	The	first	time	that	Bellamya	
was	used	 to	 classify	 these	Asiatic	 freshwater	 species	 started	 from	Yen	 (1943),	which	mentioned	 that	 these	
Chinese	species	was	different	from	the	typical	species	of	Viviparus,	the	other	genera	such	as	Cipangopaludina	
and	Angulyagra,	but	was	close	to	African	species	such	as	Bellamya	unicolor	and	Bellamya	dissimilis	(Prashad	
1928).	 Subsequently,	 Liu	 et	 al.	 (1979)	 continued	 to	 use	Bellamya	 as	 the	 genus	 name	 to	 summary	 several	
important	 species	 in	 China	 such	 as	 B.	 quadrata,	 Bellamya	 aeruginosa,	 Bellamya	 purificata,	 and	 Bellamya	
limnophila.	Since	then,	most	of	Chinese	researchers	followed	their	classification	to	study	these	freshwater	snail	






oxidase	 subunit	 I	 (COI)	 genes	 and	 obtained	 an	 independent	 clade	 that	was	 clearly	 separated	 from	African	
Bellamya.	But	they	did	not	recognize	the	taxonomic	issues	of	these	Chinese	species.	Instead,	they	argued	that	










clades	 from	 Chinese	 viviparid,	 and	 Mekongia,	 Cipangopaludina,	 Heterogen,	 Margarya,	 and	 Torotaia	 are	
phylogenetically	close	to	Sinotaia	(Hirano	et	al.	2015;	Hirano,	Saito,	Tsunamoto,	Koseki,	Prozorova,	et	al.	2019;	
Stelbrink	et	al.	2020).	Thus,	we	have	reason	to	believe	that	Haas’s	taxonomy	(Haas	1939)	is	relatively	close	to	














minor	 variations	 in	 shell	morphology	by	 the	19th-	 and	 early	20th-century	 authors	 (Van	Bocxlaer	&	 Strong	
2019).	It	has	many	transitional	forms,	which	in	large	series	can	often	hardly	be	distinguished,	and	the	validity	













Year Species Type locality Reference 
 Sinotaia quadrata (Benson, 1842)   
1842 Paludina quadrata Benson Zhoushan, Zhejiang, China Benson (1842), p487 
1905 P. quadrata var. reevei Deutzenberg et Fischer nom.nov Tonkin, Luc-Nam, Vietnam Dautzenberg and Fischer 
(1905), p160-161  P. quadrata var. aeruginosa Reeve  
 P. quadrata var. bizonalis Mollendorff mss. Tonkin, Luc-Nam, Vietnam 
 P. quadrata var. heudei Deutzenberg et Fischer  
1909 Vivipara quadrata Benson China; Vietnam Kobelt (1909), p120-124 
 Vivipara (quadrata var.) heudei Dautz. & Fischer. Guangdong, China  
 Vivipara (quadrata var.) reevei Dautz. & Fischer.   
1924 Vivipara quadrata Benson Yunnan, China Annandale (1924), p408-409 
 Vivipara quadrata (form) minor Nevill Gulangyu, Xiamen, China 
 Vivipara quadrata (form) limnophila Mabille Erhai, Yunnan, China 
 Vivipara quadrata (form) dispiralis Heude Yunnan, China 
1928 Viviparus quadratus Benson: Vivipari Dissimiles Group China Prashad (1928), p166-168 
1937 Viviparus quadrata (Benson 1842) Hunan, China Yen (1937), p18 
 Viviparus quadrata heudei (Deutzenberg et Fischer 1905) Hunan, China  
1939 Viviparus quadratus quadratus (Benson 1842) Zhoushan, Zhejiang, China Yen (1939), p35-37 
 Viviparus quadratus reevei (Deutzenberg et Fischer 1905) China  
 Viviparus quadratus heudei (Deutzenberg et Fischer 1905) Yangtze River, China  
1939 Taia (Sinotaia) quadrata. Haas China Haas (1939), p96 
1943 Bellamya quadrata (Benson 1842) Zhoushan, Zhejiang Yen (1943), p126 
 Syn. Bellamya purificata Heude 1890 Xiang River, Hunan  
1979 Bellamya quadrata (Benson, 1842) China; Korea; Japan Liu et al. (1979), p14 
 Syn. Sinotaia quadrata (Benson, 1842)   
2014 Sinotaia quadrata (Bension, 1842) n. comb. Hainan, China Qian et al. (2014), p3-11 
 Sinotaia aeruginosa (Reeve, 1863)   
1863 Paludina aeruginosa Reeve  Reeve (1863), pl. VII, sp. 41 




1909 Vivipara (quadrata var.) aeruginosa Reeve Guangzhou, Guangdong, China Kobelt (1909), p123-124 
 Vivipara (quadrata var.) heudei Dautz. & Fischer. Guangzhou, Guangdong, China  
1924 Vivioara quadrata (form) minor Gulangyu, Xiamen, China Annandale (1924), p408 
 Syn. Paludina aeruginosa var. minor Nevill   
1928 Viviparus quadratus var. aeruginosus Reeve: Vivipari 
Dissimiles Group 
China Prashad (1928), p166-168 
1937 Viviparus quadrata aeruginosa Reeve Yiyang, Hunan, China Yen (1937), p19 
1939 Viviparus quadratus aeruginosus (Reeve 1863) China Yen (1939), p36 
1943 Bellamya quadrata orientalis (Lea 1860) China Yen (1943), p126 
 Syn. Bellamya aeruginosa Reeve 1863 Guangzhou, Guangdong, China  
 Syn. Bellamya quadrata heudei (Deutzenberg et Fischer 1905) Yangtze valley, China  
1979 Bellamya aeruginosa (Reeve) China Liu et al. (1979), p16 
2014 Sinotaia aeruginosa (Reeve 1863) n. comb. South China Qian et al. (2014), p3-11 
 Sinotaia purificata (Heude, 1890)   
1890 Paludina purificata Heude Xiang River, Hunan, China Heude (1890), p176 
1909 Vivipara (quadrata var.) purificata Heude  Kobelt (1909), p127 
1928 Viviparus purificatus Heude: Vivipari Dissimiles Group  Prashad (1928), p166-168 
1943 Bellamya purificata Heude 1890 Xiang River, Hunan, China Yen (1943), p126 
 Syn. Bellamya quadrata (Benson 1842) Zhoushan, Zhejiang, China  
 Syn. Bellamya chengtehensis Taki 1936 Chengde, Hebei, China  
1979 Bellamya purificata (Heude) China Liu et al. (1979), p15 
 Syn. Idiopoma chengtehensis   
2014 Sinotaia pyrificata (Benson 1842) n. comb. Xiang River, Hunan, China Qian et al. (2014), p3-11 
 Sinotaia lapillorum (Heude, 1890)   
1890 Paludina lapillorum Heude Ningguo, Anhui, China Heude (1890), p177 
1939 Viviparus quadratus lapillorum (Heude) Ningguo, Anhui, China Yen (1939), p37 
1943 Bellamya quadrata lapillorum (Heude 1890) Ningguo, Anhui, China Yen (1943), p126 
2014 Sinotaia quadrata form lapillorum (Heude 1890) n. comb. Liuzhou, Guangxi, China Qian et al. (2014), p3-11 
 Sinotaia dispiralis (Heude, 1890)   
1890 Paludina dispiralis Heude Yunnan, China Heude (1890), p175 
1909 Vivipara dispiralis Heude  Kobelt (1909), p120 
1924 Vivipara quadrata (form) dispiralis Yunnan, China Annandale (1924), p409 
1939 Viviparus quadratus dispiralis (Heude 1890) Yunnan, China Yen (1939), p36 
1943 Bellamya quadrata dispiralis (Heude 1890) Yunnan, China Yen (1943), p126 
2014 Sinotaia dispiralis (Heude 1890) n. comb. Dinghai, Zhejiang, China Qian et al. (2014), p3-11 
 Sinotaia lapidea (Heude, 1890)   
1890 Paludina lapidea Heude Kienté, Ngan-houé Heude (1890), p175 
1909 Vivipara lapidea Heude Kienté, Ngan-houé Kobelt (1909), p129 
1928 Viviparus lapideus Heude: Vivipari Dissimiles Group  Prashad (1928), p166 
2014 Sinotaia lapidea (Heude 1890) n. comb. Dinghai, Zhejiang, China Qian et al. (2014), p3-11 
 Sinotaia turritus (Yen, 1939)   
1939 Viviparus quadratus turritus n. subsp. Yen, 1939 Guangzhou, Guangdong, China Yen (1939), p36 
1943 Bellamya quadrata turria (Yen, 1939) Guangzhou, Guangdong, China Yen (1943), p126 
2014 Sinotaia turritus (Yen, 1939) n. comb. Youjiang, Guangxi, China Qian et al. (2014), p3-11 
 Sinotaia angularis (O. F. Müller, 1774)   
1877 Paludina angularis Müller   
1890 Paludina angularis Müller Guangzhou, Guangdong, China Heude (1890), p120 
1924 Syn. Vivipara quadrata (Benson), in part  Annandale (1924), p408 






























Viviparus	quadratus	 lapillorum	Heude,	 1890.	 SMF38874.	 Yen	1939,	 p.	 37,	 Taf.	 3,	 Fig.	 13.	Sinotaia	 turritus:	 V.	Viviparus	
quadratus	turritus	Yen,	1939.	SMF40241.	Holotype.	Yen	1939,	p.	36,	Taf.	3,	Fig.	8.	Sinotaia	angulata:	W.	Vivipara	angulata	
var.	 acutecarinata	 Kobelt,	 1909.	 Kobelt	 1909,	 p.	 136-137,	 Taf.	 27,	 Fig.	 8-10.	 Sinotaia	 acutecarinatus:	 X.	 Viviparus	
acutecarinatus	 Kobelt,	 1909.	 SMF38832.	 Paratypodie.	 Yen	 1939,	 p.	 39,	 Taf.	 3,	 Fig.	 23.	 Sinotaia	 annulatus:	 Y.	Viviparus	
annulatus	Yen,	1939.	SMF40244.	Holotype.	Yen	1939,	p.	39,	Taf.	3,	Fig.	26.	Z.	Sinotaia	barboti	Sinzov,	1884.	Sinzov	1884,	p.	
11,	 Taf.	 9,	 Fig.	 16-17.	 Sinotaia	 guangdungensis:	 a.	 Vivipara	 quadratus	 var.	 guangdungensis	 Kobelt,	 1906.	 SMF38890.	
Holotype.	Kobelt	1909,	Taf.	21,	Fig.	12,	14;	Yen	1939,	p.	37,	Taf.	3,	Fig.	14;	Ng	et	al.	2014,	Fig.2.	b.	Viviparus	polyzonatus	
Frauenfeld,	 1862.	 SMF38823.	 Yen	 1939,	 p.	 37,	 Taf.	 3,	 Fig.	 15.	 c.	 Vivipara	 polyzonata	 Frauenfeld,	 1862.	 NHMW68037.	

































Valley	 area	of	Africa	 inferred	 that	 the	African	viviparids	were	 the	 sister-group	 to	 a	 clade	 comprising	Asian	
species	(Sengupta	et	al.	2009).	The	African	viviparids	showed	highly	disjunct	biogeographic	patterns	under	the	
central	role	of	the	largest	African	river	system,	the	Cango	(Schultheissβ	et	al.	2014).	The	repeated	disruptions	
and	distributions	of	 the	viviparids	during	 the	 formation	of	 the	East	African	Rift	System	caused	 the	disjunct	
distributions	among	groups	of	viviparids	in	different	water	divides,	for	instance,	southern	and	northern,	Lake	
Malawi	 and	 the	 Middle	 Congo,	 the	 Victoria	 region	 and	 the	 Okavango/Upper	 Zambezi	 aera.	 These	 results	
suggested	that	 the	historical	biogeography	of	viviparids	 in	Africa	 is	driven	by	consecutive	vicariance	events	
rather	than	by	dispersal	(Schultheissβ	et	al.	2014).	In	addition,	because	of	the	reflooding	of	the	lake	after	severe	
Pleistocene	 low	 stands,	 the	 speciation	processes	of	 the	modern	Bellamya	 fauna	 in	Lake	Malawi	had	both	 a	






Margarya;	 (2)	 Heterogen,	 Ussuripaludina;	 (3)	 Anularya,	 Mekongia	 and	 Sinotaia;	 and	 (4)	 Tchangmargarya	
	
	 11	
(Hirano	 et	 al.	 2015;	 Hirano,	 Saito,	 Tsunamoto,	 Koseki,	 Prozorova,	 et	 al.	 2019).	 Combining	 with	 the	




and	 Margarya	 bicostata	 (Zhang	 et	 al.	 2015).	 Heterogen	 was	 added	 by	 revising	 a	 previous	 species	










































(Takenaka	 &	 Tojo	 2019).	 During	 about	 15−5	 Ma,	 the	 two	 fan-shaped	 spreading	 basins	 rifted	 closer	 and	
remained	separated	by	a	deep	sea,	over	an	area	called	the	“Fossa	Magna”	(Kitada	et	al.	2017;	Otofuji	et	al.	1985;	
Takenaka	&	Tojo	2019).	As	vigorous	orogenic	activity	occurring	in	the	Fossa	Magna	region,	the	Honshu	island	




have	close	relationship	on	 the	complex	background	of	geological	history.	 In	addition,	during	 the	 last	glacial	
period,	the	East	China	Sea	(ECS)	land	bridge	exposed	and	submerged	repeatedly	resulting	in	fluctuation	sea	
level	 that	 shaped	 the	 population	 structure	 of	 many	 temperate	 species,	 and	 probably	 acted	 as	 a	 dispersal	
corridor	for	species	both	distributed	in	continental	East	Asia	and	Japan	(Lee	et	al.	2016;	Liu	et	al.	2018;	Sota	&	
Hayashi	2007;	Takenaka	&	Tojo	2019;	Tojo	et	al.	2017;	Zhang	et	al.	2016).	In	most	cases,	populations	in	Japan	
are	 originated	 from	 the	 continental	 populations	 associated	 with	 the	 formation	 geohistory	 of	 Japanese	
archipelago,	and	migrated	through	the	dispersal	corridor	of	ECS	land	bridge	during	the	last	glacial	period,	and	
finally	structured	after	completely	separated	from	the	continent	(e.g.	Kinoshita	et	al.	2019;	Shalabi	et	al.	2016;	














China	 or	 South	 Asia	 (Chiu	 et	 al.	 2017).	 Freshwater	 snails	 of	 Pomatiopsinae	 in	 Japan	were	 suggest	 to	 have	
multiple	 colonization	 of	 the	 Eurasian	 Continent	 (Kameda	 &	 Kato	 2011).	 Phylogeography	 of	 freshwater	
planorbid	 snails	 in	 the	 Japanese	 archipelago	 revealed	 that	 lineages	within	 the	 islands	were	migrated	 from	















from	 the	 southern	Kyushu,	which	 is	 also	 about	 10,000–6000	 years	 ago	 (Matsuoka	 unpublished),	 but	 fossil	




Historically,	 the	 ECS	 land	 bridge	 might	 serve	 as	 a	 dispersal	 corridor	 that	 contributed	 to	 population	
distribution	from	continental	East	Asia	to	Japan	during	the	Pleistocene	(Kameyama	et	al.	2017;	Saito	et	al.	2018;	







margin.	These	 regions	were	 separated	 from	 the	 continent	 and	 formed	parts	of	 the	 Japanese	archipelago	 in	
geohistory,	 and	 finally,	 populations	 in	 these	 regions	 settled	 down	 and	 experienced	 complex	 evolutionary	
processes	 with	 a	 long-term	 geographical	 isolation.	 Later	 in	 recent	 periods,	 associating	 with	 human	
communication	between	Japan	and	continental	East	Asia	that	has	continued	for	thousands	of	years,	S.	quadrata	
may	 also	 have	 been	 subsequently	 introduced	 several	 times	 into	 Japan	 by	 human	 activity	 more	 recently.	
Therefore,	S.	quadrata	migration	from	continental	East	Asia	to	Japan	might	contain	both	processes	of	ancient	


















Sinotaia	 quadrata	 is	 the	 type	 species	 of	 the	 genus	 Sinotaia	 (Haas	 1939).	 Its	 taxonomic	 history	 and	
controversy	has	been	introduced	in	section	1.1.2.	There	is	a	need	to	revise	the	systematics	of	these	species.	
Some	 morphological	 and	 karyological	 studies	 have	 also	 raised	 doubts	 about	 the	 validity	 of	 some	 species	
(Ferreira	et	al.	2017;	Park	2015;	Wu	et	al.	2000).	In	addition,	a	group	of	sequence	data	of	additional	specimens	




the	 over-classified	 species	 in	 genus	 Sinotaia	 based	 on	 molecular	 phylogeny,	 genetic	 diversity,	 and	
morphological	variation,	especially	for	the	eight	species	closely	related	to	S.	quadrata	(Table	1).	 	
Phylogenetic	 trees	 with	 mitochondrial	 16S	 rRNA	 and	 COI	 genes	 of	 related	 viviparid	 species	 were	
reconstructed	to	give	a	basic	phylogenetic	relationship	for	Sinotaia.	The	type	materials	of	Sinotaia	species	from	
original	 publications	 were	 extracted	 for	 morphological	 analysis	 at	 the	 species	 level	 (Figure	 2).	 Then,	 the	
potential	species	of	S.	quadrata	that	was	proved	to	be	monophylitic	were	pooled	together	to	analyse	genetic	
diversity	using	microsatellite	loci	of	nuclear	genes	and	to	analyse	the	correlations	between	genetic	and	shape	











































The	 approximate	 coordinates	 of	 market	 samples	 were	 from	 the	 seller's	 information.	 Final	 coordinates	 used	 for	 geographic	
distance	calculation	were	estimated	according	 to	 the	centroid	of	all	 sampling	 sites.	 For	each	 sampling	 site,	 the	 following	are	
indicated:	 GPS	 coordinates	 (in	 decimal	 degrees),	 total	 sample	 size	 (NS),	 average	 number	 of	 alleles	 (NA),	 observed	 (HO)	 and	
expected	(HE)	heterozygosities,	and	private	allelic	richness	Ap(10).	HWE	indicated	the	test	significance	for	deviation	to	Hardy–
Weinberg	equilibrium:	*	p	<	0.05;	**	p	<	0.01;	***	p	<	0.001.	 	
NO.	 Site	 Label	 Longitude	 Latitude	 n	 NA	 HO	 HE	 HWE	 Ap	
Japan	 	 	 0.4919	 0.6692	 	 	
1	 Aomori	 AM	 141.32549	 40.71090	 13	 6.833	 0.5399	 0.7495	 ***	 0.07	
2	 Akita	 AK	 141.32549	 39.91159	 25	 9.417	 0.5272	 0.7214	 ***	 0.27	
3	 Miyagi	 MY	 140.06500	 38.20503	 21	 6.583	 0.4991	 0.5728	 ***	 0.11	
4	 Fukushima	 FK	 140.30995	 37.41986	 23	 9.417	 0.4837	 0.7287	 ***	 0.17	
5	 Nagano	 NGN	 137.97012	 36.27872	 28	 7.417	 0.6012	 0.6512	 ***	 0.13	
6	 Kanagawa	 KN	 139.36815	 35.34148	 48	 6.250	 0.2858	 0.4508	 ***	 0.13	
7	 Shizuoka	 SZ	 137.73195	 34.74079	 24	 6.583	 0.5600	 0.6444	 ***	 0.16	
8	 Nagoya	 NGY	 136.97387	 35.17167	 24	 8.167	 0.6013	 0.7664	 ***	 0.21	
9	 Shiga	 SG	 136.28629	 35.49361	 23	 12.667	 0.7218	 0.8604	 ***	 0.30	
10	 Biwako	 BW	 136.07092	 35.24254	 20	 10.167	 0.6717	 0.8050	 ***	 0.28	
11	 Nara	 NR	 135.73082	 34.67111	 22	 6.917	 0.6588	 0.7415	 ***	 0.10	
12	 Osaka	 OS	 135.52899	 34.56866	 13	 10.250	 0.6338	 0.8457	 ***	 0.19	
13	 Kagawa	 KGW	 133.80557	 34.26782	 31	 10.083	 0.5152	 0.7264	 ***	 0.29	
14	 Kochi	 KC	 133.59092	 33.52595	 21	 6.167	 0.4905	 0.5415	 ***	 0.07	
15	 Yamaguchi	 YM	 132.21441	 34.14158	 33	 7.833	 0.4827	 0.7140	 ***	 0.18	
16	 Kumamoto	 KT	 130.65568	 32.75014	 22	 6.333	 0.4066	 0.5654	 ***	 0.18	
17	 Nagasaki	 NGS	 129.71472	 33.17973	 9	 4.500	 0.3563	 0.5897	 ***	 0.10	
18	 Kagoshima	 KGS	 130.25028	 31.82426	 26	 4.300	 0.2282	 0.3709	 ***	 0.11	
China-Vietnam	 	 	 0.6149	 0.8398	 	 	
19	 Changchun	 CC	 125.30809	 43.85745	 27	 11.500	 0.5318	 0.8148	 ***	 0.15	
20	 Anhui†	 AN	 117.38800	 31.71570	 20	 14.833	 0.6418	 0.8905	 ***	 0.60	
21	 Nanjing	 NJ	 118.78347	 32.10670	 48	 20.583	 0.6426	 0.879	 ***	 0.36	
22	 Hangzhou	 HZ	 120.11192	 30.27164	 42	 20.917	 0.6174	 0.8780	 ***	 0.44	
23	 ChunAn	 CA	 119.14888	 29.49127	 20	 13.750	 0.6830	 0.8803	 ***	 0.67	
24	 Hubei†	 HB	 112.63410	 30.92060	 16	 14.000	 0.5649	 0.8952	 ***	 0.41	
25	 Jiujiang	 JJ	 115.99929	 29.70966	 20	 13.333	 0.6254	 0.8615	 ***	 0.42	
26	 Sichuan	 SC	 30.63369	 104.07721	 9	 7.417	 0.4715	 0.8098	 ***	 0.27	
27	 Yangzonghai	 YZH	 102.99134	 24.89683	 32	 12.833	 0.6516	 0.8099	 ***	 0.30	
28	 Shilin	 SL	 103.31128	 24.81002	 20	 8.583	 0.6530	 0.7504	 ***	 0.42	
29	 HongKong	 HK	 114.11083	 22.51421	 37	 11.667	 0.5027	 0.7516	 ***	 0.23	
30	 Yilan	 YL	 121.77606	 24.66726	 19	 8.417	 0.7350	 0.8582	 ***	 0.33	
31	 Tainan	 TN	 120.29436	 23.19994	 10	 9.988	 0.6732	 0.8387	 ***	 0.11	
32	 Cao	Bang†	 CB	 106.26256	 22.66817	 6	 4.900	 0.6433	 0.7103	 0.0581	 0.40	







sample	 was	 extracted	 using	 a	 modified	 phenol–chloroform	method,	 which	 was	 described	 by	 Hirano	 et	 al.	









letters	 represent	 location	 names.	 Japan:	 AM–Aomori,	 AK–Akita,	MY–Miyagi,	 FK–Fukushima,	 NGN–
Nagano,	 KN–Kanagawa,	 SZ–Shizuoka,	 NGY–Nagoya,	 SG–Shiga,	 BW–Biwako,	 NR–Nara,	 OS–Osaka,	
KGW–Kagawa,	KC–Kochi,	YM–Yamaguchi,	KT–Kumamoto,	NGS–Nagasaki,	KGS–Kagoshima.	China:	CC–
Changchun,	AN–Anhui,	NJ–Nanjing,	HZ–Hangzhou,	CA–ChunAn,	HB–Hubei,	 JJ–Jiujiang,	SC–Sichuan,	






Cycler,	 Hercules,	 CA,	 USA).	 PCR	 products	 were	 genotyped	 using	 an	 ABI	 3130	 genetic	 analyzer	 (Applied	
Biosystems,	Waltham,	MA,	USA),	and	allelic	sizes	were	scored	by	GeneMapper	v4.0	(Applied	Biosystems)	using	





Locus	 Flurescent	label	 Primer	(5'	to	3')*	 GenBank	
ATG142	 FAM	 F:	 ATGCCGATTATTCTGATTCTGG	 JX019326	 	
	 -	 R:	 GTTTCTTACGCAAGTTTCATTCATGTATGTC	 	
TC298	 VIC	 F:	 CTCCAAAGACTGTTACTGCTACGA	 JX019072	 	
	 -	 R:	 GTTTCTTCACACAAACTAGGTAAGGGGACAT	 	
TXH79	 NED	 F:	 TCCTGATTCAAGGACGTTGTGC	 JN555804	
	 -	 R:	 GTTTCTTGACTGGTGCTGGCTGTAGTGC	 	
TXH12	 PET	 F:	 AGGCCTCAGCTTGAATCCCTA	 JN555765	
	 -	 R:	 GTTTCTTCGGCTCCCATTTTGAGCATTG	 	
GATA328	 FAM	 F:	 CCTGCGTCAATTTAAAACCATAG	 JX020456	 	
	 -	 R:	 GTTTCTTGGGTAGGTAGGTGGGTAAGTGAG	 	
TXH223	 VIC	 F:	 GCTTGCCACCGCATTGTAGC	 JN555901	
	 -	 R:	 GTTTCTTCACAACTTGGTCACAAAGCCG	 	
CAG41	 NED	 F:	 TTTGCTGCGTTTACTCGTCCTG	 JX019413	 	
	 -	 R:	 GTTTCTTCTCGTTCTTGGGCTGGGTGTT	 	
TXH30	 PET	 F:	 CACATAGAAGGTCACACGT	 JN555777	
	 -	 R:	 GTTTCTTGAATTCCAAACTCAGACAACGG	 	
CAG178	 FAM	 F:	 CATGACATAACACCCCTACCCTT	 JX020456	 	
	 -	 R:	 GTTTCTTAATTTGGTATCTTGGAATCTGACG	 	
TXH65	 VIC	 F:	 TGTGACTAAGTGTGTTTGCATG	 JN580068	
	 -	 R:	 GTTTCTTCTACCAGGTGCTTGGTGTG	 	
CCT238	 NED	 F:	 ACATAAGTGCTTGCGATAGTGCG	 JX019326	 	
	 -	 R:	 GTTTCTTCTACCAGGTGCTTGGTGTG	 	
TXH113	 PET	 F:	 CAAGCATGGATGCAGAACTC	 JN555824	
	 -	 R:	 GTTTCTTCTCGTTGGTCCGATACAACC	 	
	
2.2.4	Phylogenetic	analysis	of	Sinotaia	and	viviparids	 	


















most	of	 the	distribution	areas	of	China,	 Japan,	South	Korea,	Vietnam,	as	well	 as	 invasion	areas	of	 Italy,	 and	
Argentina	 (Cianfanelli	 et	 al.	 2017;	 Ferreira	 et	 al.	 2017;	 Hirano	 et	 al.	 2015;	 Ovando	 &	 Cuezzo	 2012)	 were	

















Group Region Population 
JE Japan East Aomori, Akita, Miyagi, Fukushima, Nagano, Kanagawa, Shizuoka, Nagoya 
JM Japan Middle Shiga, Biwako, Nara, Osaka 
JW Japan West Kagawa, Kochi, Yamaguchi, Kumamoto, Nagasaki, Kagoshima 
CE China East Changchun, Anhui, Nanjing, Hangzhou, ChunAn, Hubei, Jiujiang 
CS China South HongKong, Yilan, Tainan 
CW China West Sichuan, Yangzonghai, Shilin 
Firstly,	the	discriminant	analysis	of	principal	component	(DAPC)	analyses	without	previous	information	were	







countries,	 groups,	 and	 populations.	 For	 better	 comparison	 with	 the	 results	 of	 the	 PCA	 of	 shapes	 at	 the	
population	level,	the	significant	PCs	from	the	DAPC	were	detected	by	a	broken-stick	test	using	the	PCDimension	














of	 each	 shell	 using	 Adobe	 Photoshop	 CS6	 (Figure5A).	 Totally,	 six	 fixed	 landmarks	 and	 16	 semi-landmarks	
around	the	outline	of	the	shell	and	aperture	were	digitized,	and	the	digitization	was	performed	using	ImageJ	
1.x	to	obtain	the	x	and	y	coordinates	of	the	landmarks	(Schneider	et	al.	2012).	Semi-landmarks	were	slid	using	
the	 function	define.sliders	 in	 the	R	package	geomorph	v3.0.7	 (Adams	&	Otárola-Castillo	2013)	 (Figure	5B).	
Twenty	randomly	sampled	shells	were	re-photographed	and	re-digitized	to	examine	the	error	associated	with	
photography	and	digitization	using	the	morphol.disparity	function.	The	error	was	found	to	be	negligible	(<	5%)	
in	 comparison	with	 the	 biologically	meaningful	 variations	 among	 populations.	 The	 generalized	 Procrustes	
analyses	with	landmarks	were	performed	using	the	package	geomorph	v3.0.7	in	R	(Adams	&	Otárola-Castillo	
2013).	Firstly,	the	Procrustes	distance	between	pairwise	populations	were	calculated	based	on	the	mean	shape	




Similar	 to	 the	 computation	 of	 Pearson’s	 distance	 for	 the	 PCs	 of	 DAPC	 (as	 described	 in	 the	 section	 on	
population	genetics),	the	broken-stick	model	on	the	proportion	of	variances	of	PCs	were	used	to	determine	the	
number	of	statistically	significant	PCs	of	shape	using	the	package	PCDimension	v1.1.9	in	R	(Coombes	&	Wang	
2018).	 The	 Pearson’s	 distance	 matrix	 for	 the	 significant	 PCs	 of	 shape	 was	 computed	 using	 the	 package	
factoextra	v1.0.5	in	R	(Kassambara	&	Mundt	2017).	The	Pearson’s	distance	matrix	for	significant	PCs	of	shape	




































































was	 significantly	 correlated	 with	 the	 Procrustes	 distance	 (Mantel	 test:	 r	 =	 0.67,	 p	 <	 0.001),	 suggesting	 it	
available	to	represent	the	shape	variation.	Then,	a	Procrustes	analysis	of	variance	(ANOVA)	was	used	to	detect	
differences	 in	 the	 shape	 and	 the	 centroid	 size	 between	 countries,	 groups,	 populations,	 and	 habitat	 factors.	




model	 for	clustering	was	determined	by	 the	highest	BIC	scores	using	 the	 function	mclustBIC	(Scrucca	 et	al.	
2016).	
Finally,	 the	 correlations	 between	 each	 of	 distance	 matrices	 calculated	 for	 pairwise	 populations	 of	 the	






Both	BI	 and	ML	 tree	 based	on	16S	 rRNA	and	COI	 genes	 showed	 that	 the	 eight	 species	 of	Sinotaia	had	 a	
complicated	but	separate	clade	(Figure	6,	Clade	a),	which	was	different	from	Anularya	(Clade	b),	Torotaia	(Clade	
c),	Heterogen	(Clade	d),	Cipangopaludina	(Clade	e),	and	Margarya	(Clade	f).	There	were	no	unique	clades	for	
each	 species	 but	 only	 admixtures	 across	 Sinotaia	 (Clade	 a).	 In	 addition,	 these	 Asian	 genera	 were	
phylogenetically	different	 from	African	Bellamya	and	European	Viviparus,	which	 is	consistent	with	previous	
studies	(Sil	et	al.	2019;	Stelbrink	et	al.	2020).	
The	PCA	of	 the	shell	 shape	outline	 for	 type	materials	 showed	 few	variations	among	species	 in	 the	genus	
Sinotaia	(Figure	7),	especially	for	eight	species:	S.	quadrata,	S.	aeruginosa,	S.	purificata,	S.	lapidae,	S.	dispiralis,	
S.	 lapillorum,	 S.	 angularis,	 and	 S.	 turritus	 (Table	 1,	 Figure	 7A,	 red	 symbols).	When	 adding	 specimens	 of	 S.	
quadrata	distributed	in	East	Asia,	Europe	(Italy),	and	South	America	(Argentina),	the	PCA	results	showed	that	
S.	quadrata	had	large	variations	in	shell	outline,	and	the	range	of	shell	variation	covered	most	of	the	outlines	of	
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These	 morphotypes	 were	 completely	 mixed	 in	 phylogeny	 and	 morphology	 (Figure	 1,	 9).	 Even	 though	 S.	
quadrata	 (Benson,	 1842),	 S.	 aeruginosa	 (Reeve,	 1862),	 and	 S.	 purificata	 (Heude,	 1890)	 were	 classified	
separately	to	estimate	the	genetic	structure	in	previous	studies,	the	results	appeared	to	be	the	same	that	all	of	
them	having	a	weak	population	structure	across	China	due	to	floods	connecting	the	water	systems	and	human	











et	al.	 (2019).	 It	 is	difficult	 to	 confirm	whether	 this	 species	was	misidentified,	but	 it	 seems	 that	S.	angularis	
should	be	studied	separately	in	the	future.	All	the	other	seven	species	should	be	accepted	as	morphotypes	of	S.	
quadrata.	This	is	consistent	with	the	historical	taxonomy	clues	and	the	modern	molecular	evidence.	For	other	




The	morphologic	 variations	 between	 Japan	 and	China	 had	 smaller	 separations	 than	 those	 of	 the	 genetic	
structures,	as	well	as	those	among	different	groups	and	populations	(Figure	10C,	D).	In	the	field,	one	may	find	
some	extreme	shape	and	distinguish	it	from	other	individuals	as	a	“species”	based	on	previous	classification	



















The	 results	 showed	 that	 the	morphological	 variation	was	 inconsistent	with	 the	 genetic	differentiation	 at	
every	level.	In	contrast	to	the	DAPC	results	at	the	country	and	group	levels,	results	of	the	Procrustes	analysis	
failed	 to	 discriminate	 shell	 shape	 structures	 between	 countries	 and	 among	 groups	 (Figure	 10).	 This	
inconsistency	was	confirmed	by	 the	 insignificant	 correlations	between	genetic	distance	and	shape	distance	
(Figure	11A-D).	In	addition,	shell	shapes	among	populations	also	showed	no	regular	clusters	according	to	the	
pre-defined	geographical	order	of	populations,	while	the	genetic	distance	among	the	same	ordered	populations	





distributed	 in	 East	 Asia	 (Table	 1),	 should	 be	 revised	 as	morphotypes	 that	 adapt	 to	 various	 environmental	
factors	 in	 different	 habitats.	 The	 results	 are	 similar	 to	 those	 from	 studies	 of	 different	 ecotypes	 of	 the	












recent	populations.	Comparing	studies	of	population	genetics	between	or	among	 the	origin	and	 introduced	 6	
areas	 can	 clarify	 the	 migration,	 gene	 flow,	 mutation,	 and	 introduction	 history	 (Lounnas	 et	 al.	 2017).	 It	 is	 7	
typically	believed	that	source	populations	are	genetically	more	structured	than	introduced	populations,	and	 8	
introduced	populations	might	 lose	genetic	diversity	because	of	demographic	bottlenecks	or	 founder	effects	 9	
(Dlugosch	&	Parker	2008;	Dybdahl	&	Drown	2011;	Mergeay	et	al.	2006;	Vogel	et	al.	2010).	However,	this	would	 10	
not	be	the	case	if	there	were	differences	caused	by	the	influence	of	human	activity	on	the	populations	between	 11	
the	 source	and	 introduced	 regions,	 especially	 for	 species	with	 low	active	dispersal	 ability.	Because	human- 12	







Therefore,	 it	 is	worth	 investigating	how	human	activity,	which	 is	 sometimes	driven	by	different	 cultures	 in	 20	
different	regions,	affects	population	genetic	structures	by	natural	environments	and	geographical	patterns.	 21	
Organisms	in	both	Japan	and	continental	East	Asia,	particularly	for	China,	are	an	excellent	model	system	to	 22	











1.2.	Human	use	 of	 this	 snail	 differs	 greatly	 between	China	 and	 Japan.	 S.	 quadrata	 has	wide	 adaptability	 to	 32	
various	freshwater	environments,	a	fast	growth	rate,	and	a	large	reproductive	capacity,	and	it	is	treated	as	a	 33	
common	food	resource	in	China	(Wen	et	al.	2018).	The	average	total	capture	production	of	freshwater	snails	 34	






















divergence	 and	 compare	 the	 genetic	 structure	 between	 Japan	 and	 continental	 East	Asia,	 particularly	 China	 57	
(including	 Taiwan	 island,	 which	 is	 geographically	 not	 on	 the	 continent	 but	 close	 to	 mainland	 China)	 and	 58	
Vietnam	 (Figure	 3).	 The	 demographic	 history	 of	 S.	 quadrata	 was	 investigated	 to	 detect	 when	 and	 how	 S.	 59	
quadrata	 in	 Japan	had	migrated	 from	continental	East	Asia.	Based	on	 the	history	of	 source	and	 introduced	 60	
populations,	the	differences	in	S.	quadrata’s	genetic	patterns	were	subsequently	compared	and	the	factors	that	 61	
shaped	 the	 contemporary	 genetic	 divergence	 in	 the	 two	 regions	 were	 revealed.	 Using	 an	 example	 of	 the	 62	
demographic	history	and	population	structure	of	a	common	freshwater	species,	This	study	aimed	to	explain	 63	



























analyses.	Therefore,	 the	subsequent	results	were	reported	using	 the	 full	microsatellite	dataset.	The	average	 89	
number	 of	 alleles	 (NA)	 and	 the	 observed	 (HO)	 and	 expected	 (HE)	 heterozygosities	were	 estimated,	 and	 the	 90	
analysis	 of	 molecular	 variances	 (AMOVA)	 was	 tested	 using	 Arlequin	 v3.5	 (Excoffier	 &	 Lischer	 2010).	 The	 91	
linkage	disequilibrium	(LD)	between	loci	pairs	for	the	total	dataset	and	for	each	population	were	estimated.	 92	









Site	 ATG142	 TC298	 TXH79	 TXH12	 GATA328	 TXH223	 CAG41	 TXH30	 CAG178	 TXH65	 CCT238	 TXH113	
AM	 0.07	 0.02	 0.16	 0.22	 0.00	 0.11	 0.08	 0.13	 0.31	 0.08	 0.03	 0.00	
AK	 0.05	 0.06	 0.10	 0.00	 0.06	 0.12	 0.26	 0.35	 0.10	 0.12	 0.00	 0.08	
MY	 0.00	 0.12	 0.00	 0.00	 0.00	 0.15	 0.06	 0.29	 0.00	 0.01	 0.22	 0.01	
FK	 0.05	 0.06	 0.26	 0.17	 0.10	 0.18	 0.26	 0.10	 0.17	 0.06	 0.03	 0.18	
NGN	 0.00	 0.00	 0.20	 0.02	 0.07	 0.00	 0.02	 0.12	 0.15	 0.01	 0.00	 0.00	
KN	 0.10	 0.16	 0.31	 0.04	 0.00	 0.22	 0.08	 0.24	 0.05	 0.00	 0.16	 0.03	
SZ	 0.00	 0.15	 0.12	 0.03	 0.00	 0.04	 0.00	 0.12	 0.15	 0.00	 0.00	 0.15	
NGY	 0.00	 0.04	 0.18	 0.02	 0.04	 0.11	 0.16	 0.17	 0.11	 0.03	 0.14	 0.01	
SG	 0.01	 0.00	 0.12	 0.08	 0.00	 0.20	 0.00	 0.06	 0.22	 0.00	 0.00	 0.05	
BW	 0.00	 0.00	 0.27	 0.07	 0.00	 0.12	 0.14	 0.04	 0.14	 0.01	 0.00	 0.02	
NR	 0.00	 0.00	 0.00	 0.00	 0.00	 0.24	 0.06	 0.00	 0.21	 0.01	 0.01	 0.03	
OS	 0.00	 0.16	 0.27	 0.04	 0.16	 0.12	 0.04	 0.04	 0.06	 0.14	 0.10	 0.05	
KGW	 0.05	 0.09	 0.14	 0.09	 0.09	 0.09	 0.10	 0.29	 0.17	 0.07	 0.13	 0.14	
KC	 0.00	 0.00	 0.11	 0.05	 0.07	 0.12	 0.05	 0.09	 0.00	 0.03	 0.05	 0.05	
YM	 0.16	 0.05	 0.19	 0.00	 0.11	 0.01	 0.16	 0.14	 0.27	 0.10	 0.20	 0.28	
KT	 0.00	 0.04	 0.16	 0.11	 0.00	 0.05	 0.13	 0.14	 0.05	 0.11	 0.14	 0.18	
NGS	 0.00	 0.00	 0.13	 0.06	 0.00	 0.14	 0.06	 0.29	 0.09	 0.16	 0.24	 0.27	
KGS	 0.32	 0.00	 0.00	 0.00	 0.12	 0.05	 0.00	 0.00	 0.17	 0.08	 0.11	 0.18	
CC	 0.14	 0.27	 0.13	 0.06	 0.18	 0.01	 0.11	 0.24	 0.09	 0.12	 0.17	 0.15	
AN	 0.00	 0.07	 0.14	 0.14	 0.15	 0.00	 0.15	 0.14	 0.05	 0.16	 0.28	 0.11	
NJ	 0.04	 0.05	 0.20	 0.17	 0.13	 0.10	 0.03	 0.17	 0.18	 0.14	 0.19	 0.02	
HZ	 0.02	 0.13	 0.16	 0.11	 0.12	 0.10	 0.19	 0.12	 0.21	 0.12	 0.20	 0.06	
CA	 0.08	 0.00	 0.19	 0.11	 0.20	 0.00	 0.09	 0.00	 0.05	 0.00	 0.30	 0.04	
HB	 0.09	 0.03	 0.21	 0.22	 0.26	 0.11	 0.14	 0.17	 0.31	 0.16	 0.11	 0.06	
JJ	 0.05	 0.07	 0.20	 0.06	 0.18	 0.00	 0.00	 0.28	 0.15	 0.15	 0.16	 0.05	
SC	 0.27	 0.24	 0.15	 0.00	 0.13	 0.25	 0.20	 0.26	 0.15	 0.12	 0.11	 0.06	
YZH	 0.10	 0.03	 0.09	 0.13	 0.16	 0.12	 0.16	 0.01	 0.02	 0.10	 0.00	 0.08	
SL	 0.00	 0.16	 0.04	 0.10	 0.14	 0.00	 0.00	 0.07	 0.07	 0.01	 0.06	 0.04	
HK	 0.12	 0.05	 0.15	 0.12	 0.08	 0.15	 0.07	 0.24	 0.13	 0.19	 0.21	 0.09	
YL	 0.00	 0.00	 0.08	 0.04	 0.05	 0.08	 0.18	 0.03	 0.13	 0.03	 0.14	 0.00	
TN	 0.11	 0.00	 0.10	 0.14	 0.00	 0.00	 0.08	 0.14	 0.00	 0.14	 0.00	 0.07	
CB	 0.00	 0.00	 0.25	 0.00	 0.13	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00	 0.21	










































Center	 (SEDAC)	 using	 NASA’s	 Earth	 Observation	 System	 Data	 and	 Information	 System	 (EOSDIS)	 137	
(https://sedac.ciesin.columbia.edu).	 Human	 population	 density	 (PopD)	 data	 were	 collected	 from	 the	 138	




















the	 tuneRF	 function	 with	 10,000	 trees.	 The	 optimal	 mtry	 parameters	 were	 then	 used	 for	 classification.	 A	 159	
classification	with	random	forest	was	run	by	setting	10,000	trees	to	grow	and	all	other	parameters	were	set	to	 160	




















Human population density, 2015


















Urban Expansion, 2015 (% Land)







Estimated net migration grids, 1990-2000
































































Longitude	 Longitude	of	each	sampling	location	 	 BIO15	 Precipitation	Seasonality	(Coefficient	of	
Variation)	
Latitude	 Latitude	of	sampling	location	 	 BIO16	 Precipitation	of	Wettest	Quarter	
	 	 	 BIO17	 Precipitation	of	Driest	Quarter	
	 	 	 BIO18	 Precipitation	of	Warmest	Quarter	
	 	 	 BIO19	 Precipitation	of	Coldest	Quarter	
	 180	
Table	7.	Significant	variables	correlating	with	allele	frequency	in	RDA	(999	permutations).	 181	
Group	 Significant	variables	 df	 variance	 F	 p	
Total	 HmFp1km	+	UbEx20km	+	UbEx50km	+	BIO4	+	BIO10	+	BIO11	+	BIO18	+	Longitude	 8	 0.7661	 1.6558	 0.001	***	
Japan	 UbEx20km	+	UbEx50km	+	BIO4	+	BIO11	+	Longitude	 5	 1.0720	 1.7405	 0.001	***	





The	 microsatellite	 data	 were	 firstly	 used	 to	 infer	 the	 population	 history	 across	 eastern	 Asia	 using	 the	 184	
Approximate	Bayesian	Computations	(ABC)	method.	Population	history	models	were	set	based	on	the	results	 185	
of	genetic	structure	inferred	by	microsatellite	loci.	The	population	divergence,	admixtures,	and	population	size	 186	


















extensive	 parameters	 and	 all	 summary	 statistic	 values	were	 performed	 to	 define	 the	 historical	 parameters	 205	
(Table	8).	Overall,	seven	summary	statistics	for	the	microsatellite	group	(mean	number	of	alleles,	mean	genetic	 206	
diversity,	and	mean	size	variance	for	one	sample,	mean	number	of	alleles,	Fst,	classification	index,	and	(dμ)2	 207	
distance	 for	 two	 samples)	 were	 computed.	 All	 the	microsatellite	mutation	models	 were	 set	 to	 the	 default	 208	




of	 the	 simulated	 data	 sets	 that	most	 closely	 resembled	 the	 observed	 data	 set	was	 estimated.	 Then,	model	 213	
checking	with	PCA	was	used	 to	evaluate	how	well	 the	posterior	predictive	distribution	of	 the	model	 fit	 the	 214	

















Table	8.	Historical	parameters	priors	set	for	scenarios	in	DIYABC.	 	 *	Parameters	with	conditions:	T3	>=	T2.1	>	T2	>=	T1.1	>	T1,	 223	
N1	>=	N1.1,	N2	>=	N2.1,	N4	>=	N4.1	>=	N4.2	>	NA,	N3	>=	N3.1	>=	N3.2	>	NA.	 224	
Parameters*  Distribution Minimum Maximum 
N1 Population size of JP1 at T1 Uniform 10.0 200000 
N2 Population size of JP2 at T1 Uniform 10.0 200000 
N3 Population size of JPK at T1 Uniform 10.0 200000 
N4 Population size of CN at T1 Uniform 10.0 800000 
N1.1 Population size of JP1 at T2  Uniform 10.0 100000 
N2.1 Population size of JP2 at T2 Uniform 10.0 100000 
N3.1 Population size of JPK at T2 Uniform 10.0 100000 
N4.1 Population size of CN at T2 Uniform 10.0 200000 
N3.2 Population size of JPK at T3 Uniform 10.0 20000 
N4.2 Population size of CN at T3 Uniform 10.0 50000 
NA Population size of ancestor Uniform 10.0 10000 
T1 Effective number of generations (newest) Uniform 10.0 10000 
T1.1 Effective number of generations Uniform 10.0 20000 
T2 Effective number of generations Uniform 10.0 50000 
T2.1 Effective number of generations Uniform 10.0 100000 
T3 Effective number of generations (oldest) Uniform 0.001 200000 
r14 Admixture between JP1 and CN Uniform 0.001 0.999 
r24 Admixture between JP2 and CN Uniform 0.001 0.999 
r34 Admixture between JPK and CN Uniform 0.001 0.999 
r13 Admixture between JP1 and JPK Uniform 0.001 0.999 





(Table	2).	HO	 ranged	 from	0.4715	(Sichuan)	 to	0.7350	(Yilan)	 in	China,	 from	0.2282	(Kagoshima)	 to	0.6588	 229	
(Nara)	in	Japan,	and	from	0.4716	to	0.6433	in	Vietnam	(Table	2).	Almost	all	populations	deviated	from	the	HWE,	 230	
except	 for	Cao	Bang	 (with	only	 six	 samples).	Private	alleles	were	present	within	all	populations	but	with	a	 231	










pair)	 to	 0.9632	 (Kagoshima−Kanagawa	 pair);	 and	 ii)	 DJ	 is	 from	 0.1258	 (Shiga−Biwako	 pair)	 to	 0.9372	 240	
(Kagoshima−Shizuoka	pair).	 	 	 241	
Table	9.	P-values	of	linkage	disequilibrium	(LD)	between	pairwise	microsatellite	loci	in	total	dataset.	*	p	<	0.05.	 	 242	
	 ATG142	 TC298	 TXH79	 TXH12	 GATA328	 TXH223	 CAG41	 TXH30	 CAG178	 TXH65	 CCT238	
TC298	 0.38	 	 	 	 	 	 	 	 	 	 	
TXH79	 0.00*	 0.55	 	 	 	 	 	 	 	 	 	
TXH12	 0.00*	 0.10	 0.00*	 	 	 	 	 	 	 	 	
GATA328	 1.00	 0.99	 0.37	 0.89	 	 	 	 	 	 	 	
TXH223	 0.93	 0.78	 0.22	 0.94	 0.05*	 	 	 	 	 	 	
CAG41	 0.37	 0.15	 0.98	 0.51	 0.11	 0.00*	 	 	 	 	 	
TXH30	 0.73	 1.00	 0.72	 0.89	 0.69	 0.09	 0.98	 	 	 	 	
CAG178	 0.97	 0.97	 0.30	 0.34	 0.36	 0.41	 0.27	 0.63	 	 	 	
TXH65	 0.55	 0.65	 0.16	 0.93	 0.02*	 0.09	 0.23	 0.41	 0.02*	 	 	
CCT238	 0.70	 0.90	 0.55	 0.45	 0.99	 0.94	 0.84	 0.97	 0.00*	 0.00*	 	




Source	of	variance	 Sum	of	squares	 Variance	of	components	 Percentage	variation	(%)	
Among	populations	 362.454	 	 0.222	 	 19.670	 	
Within	populations	 1382.127	 	 0.908	 	 80.330	 	
Total	 1744.582	 	 1.130	 	 	
FST=0.1967***	 	 	 	
AMOVA	results	of	populations	in	two	groups	(Japan,	China-Vietnam)	  	
Source	of	variance	 Sum	of	squares	 Variance	of	components	 Percentage	variation	(%)	
Among	groups	 46.294	 	 0.044	 	 3.850	 	
Among	populations	within	groups	 316.160	 	 0.199	 	 17.320	 	
Within	populations	 1382.127	 	 0.908	 	 78.830	 	
Total	 1744.582	 	 1.151	 	 	








the	 northeast	 (e.g.	 Akita)	 to	 the	 southwest	 (e.g.	 Kochi)	 (Figure	 16C).	 However,	 Kagoshima,	 Nagasaki,	 and	 250	
Kumamoto	on	Kyushu	 island	were	 separated	 from	 the	main	 chain	with	 a	 few	overlaps	 on	 the	DAPC	 axis	 1	 251	
(Figure	16B−C).	Clusters	driven	by	Kochi,	Nara,	Shiga,	Biwako,	and	Osaka	in	Japan	were	partially	overlapped	 252	
with	 populations	 in	 continental	 East	 Asia	 (Figure	 16B).	 According	 to	 the	 lowest	 BIC	 score,	 DAPC	 without	 253	
previous	information	on	the	populations	identified	16,	13,	and	six	clusters	overall,	and	for	Japan	and	continental	 254	
East	Asia,	respectively.	Predefined	populations	in	Japan	were	obviously	clustered	(e.g.	Kagoshima),	while	those	 255	















Structure	analyses	 identified	two	genetic	clusters	(optimal	K	=	2)	 for	the	overall	populations	(Figure	18).	 261	





















	 	 The	correlation	between	genetic	and	geographic	distance	matrices	using	the	Mantel	test	showed	a	significant	 278	
correlation	among	all	the	populations	and	the	Japan	group,	but	no	significant	correlation	with	the	continental	 279	
East	 Asia	 group	 (Table	 11).	 Linear	 regression	 between	 the	 genetic	 distance	 and	 geographic	 distance	 also	 280	
supported	 the	 results	 that	populations	 in	 the	 Japan	group	were	more	 significantly	divided	by	 geographical	 281	







Figure	 18.	 Population	 structure	 analyzed	 using	 Structure.	 Japan	 and	 continental	 East	 Asia	 are	 split	 associating	 with	 their	








Correlation Total Japan China-Vietnam 
Mantel test 
GST_H ~ distGeo 
r 0.2358 0.3159 0.1390 
p 0.0007*** 0.0025** 0.1044 
DJ ~ distGeo 
r 0.2610 0.3156 0.1387 
p 0.0003*** 0.0013** 0.1007 
Linear regression 
GST_H ~ distGeo 
r2 0.0547 0.0969 0.0146 
p 8.3e-15*** 1.6e-08*** 0.0440* 
DJ ~ distGeo 
r2 0.0673 0.0967 0.0144 















Figure	 20.	 The	 importance	 of	 the	 variables	 for	 explaining	 the	 population	 divergence	 were	 tested	 using	 random	 forest	
classification	(A–C)	and	redundant	analysis	(RDA)	based	on	population	allele	frequencies	and	significant	variables	(D–F).	Urban	















human	 intervention	 and	 disturbance	 (human	 pressure,	 density,	 and	 urban	 expansion)	 were	 important	 for	 306	
explaining	genetic	divergence	(Figure	20A),	among	which	longitude	and	temperature	(e.g.	BIO11)	significantly	 307	





different	populations	of	S.	quadrata	 in	 continental	East	Asia,	which	make	 the	high	admixture	of	population	 313	
genetics	(Gu,	Husemann,	 et	al.	2015;	Gu,	Zhang,	 et	al.	2015;	Gu,	Zhou,	 et	al.	2015)	and	probably	reduce	 the	 314	






The	divergence	 times,	 admixtures,	 and	population	 size	 changes	were	 investigated	by	 testing	12	different	 321	







(95%	 CI:	 2.11×104–1.81×105).	 Eastern	 Japan	 (JP1)	 was	 mixed	 with	 CN	 and	 JPK	 and	 diverged	 at	 7.91×103	 329	
generations	(median	value)	ago	at	time	T2	(95%	CI:	1.83×103–3.87×104).	Western	Japan	(JP2)	was	mixed	with	 330	




and	T1.1	 (median,	 6.69×103;	 95%	CI:	 1.21×103–1.86×104)	 (Figure	24).	 Previous	 studies	 showed	 that	 the	S.	 333	
quadrata	 sexual	 maturation	 is	 likely	 to	 take	 1	 year,	 with	 iteroparous	 reproduction	 taking	 several	 years	 334	
thereafter	(Liu	et	al.	1979;	Van	Bocxlaer	&	Strong	2019).	Therefore,	we	inferred	that	the	earliest	introduction	 335	
















n scenario 1 scenario 2 scenario 3 scenario 4 
20000 0.0049 [0.0000,0.0343] 0.0184 [0.0000,0.0471] 0.0063 [0.0000,0.0356] 0.0154 [0.0000,0.0442] 
40000 0.0052 [0.0000,0.0271] 0.0191 [0.0000,0.0403] 0.0065 [0.0000,0.0283] 0.0155 [0.0000,0.0369] 
60000 0.0051 [0.0000,0.0234] 0.0185 [0.0007,0.0362] 0.0064 [0.0000,0.0246] 0.0155 [0.0000,0.0333] 
80000 0.0051 [0.0000,0.0210] 0.0181 [0.0026,0.0336] 0.0062 [0.0000,0.0221] 0.0155 [0.0000,0.0311] 
100000 0.0049 [0.0000,0.0193] 0.0177 [0.0037,0.0317] 0.0059 [0.0000,0.0203] 0.0154 [0.0014,0.0295] 
120000 0.0048 [0.0000,0.0181] 0.0173 [0.0045,0.0302] 0.0057 [0.0000,0.0190] 0.0153 [0.0024,0.0282] 
140000 0.0047 [0.0000,0.0171] 0.0171 [0.0050,0.0291] 0.0056 [0.0000,0.0180] 0.0151 [0.0030,0.0272] 
160000 0.0046 [0.0000,0.0164] 0.0169 [0.0055,0.0282] 0.0055 [0.0000,0.0172] 0.0149 [0.0035,0.0263] 
180000 0.0046 [0.0000,0.0157] 0.0166 [0.0058,0.0275] 0.0053 [0.0000,0.0165] 0.0147 [0.0039,0.0256] 
200000 0.0045 [0.0000,0.0152] 0.0164 [0.0061,0.0268] 0.0052 [0.0000,0.0158] 0.0146 [0.0041,0.0250] 
n scenario 5 scenario 6 scenario 7 scenario 8 
20000 0.0211 [0.0000,0.0496] 0.1299 [0.0711,0.1887] 0.3361 [0.2823,0.3900] 0.0002 [0.0000,0.0300] 
40000 0.0201 [0.0000,0.0413] 0.1150 [0.0796,0.1505] 0.3275 [0.2900,0.3649] 0.0002 [0.0000,0.0225] 
60000 0.0193 [0.0016,0.0370] 0.1175 [0.0894,0.1456] 0.3245 [0.2938,0.3552] 0.0003 [0.0000,0.0189] 
80000 0.0184 [0.0029,0.0339] 0.1177 [0.0941,0.1413] 0.3261 [0.2996,0.3526] 0.0003 [0.0000,0.0165] 
100000 0.0174 [0.0034,0.0314] 0.1213 [0.1003,0.1422] 0.3254 [0.3018,0.3491] 0.0003 [0.0000,0.0150] 
120000 0.0164 [0.0036,0.0293] 0.1254 [0.1062,0.1445] 0.3248 [0.3032,0.3464] 0.0003 [0.0000,0.0138] 
140000 0.0155 [0.0035,0.0276] 0.1287 [0.1110,0.1465] 0.3237 [0.3036,0.3438] 0.0003 [0.0000,0.0129] 
160000 0.0148 [0.0034,0.0262] 0.1323 [0.1156,0.1490] 0.3218 [0.3029,0.3406] 0.0003 [0.0000,0.0122] 
180000 0.0142 [0.0033,0.0250] 0.1358 [0.1200,0.1517] 0.3203 [0.3025,0.3381] 0.0003 [0.0000,0.0116] 
200000 0.0136 [0.0032,0.0240] 0.1385 [0.1234,0.1536] 0.3191 [0.3021,0.3360] 0.0003 [0.0000,0.0111] 
n scenario 9 scenario 10 scenario 11 scenario 12 
20000 0.0122 [0.0000,0.0410] 0.1318 [0.0716,0.1920] 0.3236 [0.2786,0.3686] 0.0002 [0.0000,0.0301] 
40000 0.0139 [0.0000,0.0354] 0.1434 [0.1012,0.1856] 0.3334 [0.3002,0.3666] 0.0004 [0.0000,0.0226] 
60000 0.0148 [0.0000,0.0327] 0.1407 [0.1084,0.1729] 0.3372 [0.3095,0.3648] 0.0004 [0.0000,0.0190] 
80000 0.0150 [0.0000,0.0306] 0.1391 [0.1123,0.1659] 0.3380 [0.3137,0.3623] 0.0004 [0.0000,0.0166] 
100000 0.0145 [0.0005,0.0286] 0.1403 [0.1169,0.1637] 0.3363 [0.3144,0.3582] 0.0004 [0.0000,0.0151] 
120000 0.0140 [0.0011,0.0269] 0.1418 [0.1207,0.1629] 0.3337 [0.3136,0.3538] 0.0004 [0.0000,0.0139] 
140000 0.0134 [0.0013,0.0255] 0.1429 [0.1236,0.1622] 0.3325 [0.3138,0.3512] 0.0004 [0.0000,0.0130] 
160000 0.0129 [0.0015,0.0244] 0.1442 [0.1263,0.1622] 0.3314 [0.3138,0.3490] 0.0004 [0.0000,0.0123] 
180000 0.0125 [0.0016,0.0234] 0.1455 [0.1287,0.1623] 0.3298 [0.3131,0.3465] 0.0004 [0.0000,0.0117] 






 Parameter Mean Median Mode 95% CI 
Scenario 11 N1 4.76e+04 3.24e+04 1.48e+04 [7.79e+03, 1.67e+05] 
 N2 4.58e+04 3.31e+04 1.90e+04 [5.41e+03, 1.67e+05] 
 N3 1.63e+04 1.06e+04 7.62e+03 [3.19e+03, 7.84e+04] 
 N4 6.19e+05 6.42e+05 7.92e+05 [3.29e+05, 7.94e+05] 
 N1.1 2.42e+04 1.88e+04 9.59e+03 [2.33e+03, 7.81e+04] 
 N4.1 1.55e+05 1.61e+05 1.90e+05 [7.91e+04, 1.98e+05] 
 N3.2 1.40e+04 1.55e+04 1.99e+04 [1.67e+03, 1.99e+04] 
 N4.2 3.34e+04 3.62e+04 4.71e+04 [4.43e+03, 4.93e+04] 
 T1 1.89e+03 1.16e+03 2.93e+02 [7.45e+01, 7.81e+03] 
 T1.1 7.78e+03 6.69e+03 4.29e+03 [1.21e+03, 1.86e+04] 
 T2 1.11e+04 7.91e+03 4.23e+03 [1.84e+03, 3.87e+04] 
 T2.1 5.94e+04 5.85e+04 5.66e+04 [2.27e+04, 9.68e+04] 
 T3 7.87e+04 6.93e+04 5.29e+04 [2.11e+04, 1.81e+05] 
 r14 4.02e-01 3.93e-01 3.87e-01 [9.44e-02, 7.76e-01] 
 r34 5.39e-01 5.45e-01 5.62e-01 [1.15e-01, 9.24e-01] 
Scenario 7 N1 4.20e+04 2.70e+04 1.48e+04 [6.47e+03, 1.62e+05] 
 N2 6.34e+04 5.17e+04 3.41e+04 [1.01e+04, 1.76e+05] 
 N3 1.88e+04 1.27e+04 9.33e+03 [3.96e+03, 8.63e+04] 
 N4 6.19e+05 6.44e+05 7.84e+05 [3.26e+05, 7.94e+05] 
 N1.1 2.38e+04 1.87e+04 1.16e+04 [2.20e+03, 7.74e+04] 
 N4.1 1.65e+05 1.71e+05 1.98e+05 [9.89e+04, 1.99e+05] 
 N3.2 1.11e+04 1.16e+04 1.91e+04 [7.38e+02, 1.96e+04] 
 N4.2 3.20e+04 3.45e+04 4.36e+04 [3.67e+03, 4.93e+04] 
 NA 5.52e+03 5.75e+03 9.61e+03 [3.49e+02, 9.81e+03] 
 T1 1.76e+03 1.07e+03 2.66e+02 [6.30e+01, 7.62e+03] 
 T1.1 6.88e+03 5.65e+03 3.22e+03 [8.98e+02, 1.82e+04] 
 T2 1.25e+04 9.39e+03 5.53e+03 [2.19e+03, 4.08e+04] 
 T2.1 6.79e+04 6.87e+04 6.53e+04 [3.11e+04, 9.81e+04] 
 T3 1.01e+05 9.54e+04 7.77e+04 [3.51e+04, 1.88e+05] 
 r14 3.74e-01 3.61e-01 3.65e-01 [8.43e-02, 7.68e-01] 



















































(e.g.	Kinoshita	 et	al.	 2019),	 insects	 (e.g.	 Jang-Liaw	 et	al.	 2019;	Takenaka	&	Tojo	2019),	 freshwater	 fish	 (e.g.	 370	
Matsumoto	et	al.	2010;	Saitoh	et	al.	2010),	and	freshwater	snails	(e.g.	Saito	et	al.	2018),	showing	that	agreement	 371	
with	geohistory	of	the	Japanese	archipelago	and	its	connections	with	continental	East	Asia	are	combined	to	 372	









been	 exposed	 and	 formed	 a	 land	 bridge,	 providing	 a	 corridor	 for	 species	 or	 population	 distribution	 and	 382	
allowing	migration	of	many	species	from	continental	East	Asia	to	Japan	(Lambeck	et	al.	2002;	Zhang	et	al.	2016).	 383	
The	Sea	of	 Japan	and	 the	sea	of	northwest	Kyushu	became	brackish	during	 the	 last	glacial	period	(70,000– 384	
10,000	years	ago)	because	surface	water	in	these	areas	was	replaced	by	freshwater	that	was	brought	from	the	 385	
Yellow	River	and	Yangtze	River	(Oba	&	Tanimura	2012).	Therefore,	the	natural	ancient	migration	of	S.	quadrata	 386	
was	most	 likely	 to	have	occurred	during	 this	period	and	 the	 first	migration	was	shown	to	occur	 in	Kyushu.	 387	
Human	introduction	of	S.	quadrata	during	this	period	is	unlikely	because	the	first	human	arrival	to	Japan	is	 388	
around	40,000–30,000	years	ago	(Fujita	et	al.	2016).	 389	




(Kyushu)	 probably	 contains	 both	migration	 from	 the	 continent	 after	 it	 had	 geographically	 separated	 (best	 394	
model	of	 scenario	11)	 and	ancestral	divergences	 from	 the	unknown	ancestors	before	 it	 had	geographically	 395	

















a	 spread	 from	 west	 to	 east,	 but	 are	 multiple	 processes	 of	 migrations	 and	 admixtures.	 These	 episodes	 of	 411	
population	 spreading	 and	mixing	within	 Japan	 and	migration	 from	 the	 continent	 occurred	beginning	8000	 412	
years	ago	are	most	likely	to	be	caused	by	human	movements	(Fujita	et	al.	2016).	Another	episode	of	migration	 413	













repeated	 colonization-extirpation	processes,	which	 caused	periodic	 losses	 in	genetic	diversity	 and	multiple	 427	
founder	effects.	This	 is	consistent	with	 the	above	results,	which	showed	that	 the	population	size	of	Kyushu	 428	
historically	decreased	 (Figure	24).	Although	populations	 in	other	parts	of	 Japan	probably	 received	ongoing	 429	
introductions	from	continental	East	Asia	throughout	history	(T2	and	T3),	 the	 long-term	isolation	caused	by	 430	
various	 geographical	 patterns	 would	 be	 the	 main	 reason	 why	 contemporary	 populations	 in	 Japan	 show	 431	













al.	 2004;	Tews	 et	 al.	 2003).	The	 introduced	populations	 (here	 it	 is	 the	populations	 in	 Japan)	might	 also	be	 443	
expected	to	be	less	structured	than	the	source	populations	(Dlugosch	&	Parker	2008;	Dybdahl	&	Drown	2011;	 444	
Mergeay	et	al.	2006;	Vogel	et	al.	2010).	However,	here,	the	opposite	case	were	detected,	and	a	hypothesis	were	 445	
generated	 that	populations	of	S.	quadrata	on	relatively	small	 scale	 in	 Japan	had	 lower	genetic	diversity	but	 446	















Tohoku	 (northeast)	 (Figure	 24A).	 Our	 results	 suggest	 that	 population	 divergences	 in	 Japan	 are	 largely	 462	

















eastern	 Japan	 originated	 recently	 (about	 8000	 years	 ago)	 from	 continental	 East	 Asia	 and	 Kyushu	 at	 the	 478	
beginning	of	the	human	movement	from	continental	East	Asia	to	Japan.	Populations	in	western	Japan,	however,	 479	




expansion.	 Moreover,	 in	 the	 background	 of	 the	 historical	 migration	 and	 introduction,	 contemporary	 484	




















al.	2014).	East	Asia	 region	 is	 recognized	as	a	hotspot	area	 for	biogeographic	studies	because	 it	has	various	
geographical	patterns	and	rich	biodiversity	on	 the	background	of	complex	geological	evolution	history.	The	


























0.02	Ma	 (Kimura	2000;	Kimura	2003;	Taruno	2010).	The	 repeated	exposures	of	 land	bridge	 caused	by	 the	




















to	 promote	 the	 speciation	 and	 phenotypic	 divergence	 and	 triggered	 the	 adaptive	 radiation	 (Hirano,	 Saito,	
Tsunamoto,	Koseki,	Prozorova,	et	al.	2019;	Miura	et	al.	2019).	In	addition,	most	lineages	of	freshwater	planorbid	














the	demographic	history	 in	East	Asia,	because	 it	has	closely	related	geology	between	the	continent	and	 the	
archipelago	and	might	play	an	important	role	in	the	biogeographic	process	across	East	Asia.	
In	this	chapter,	the	demographic	history	of	S.	quadrata	in	continental	East	Asia	(including	China	mainland,	









































taxa,	 2	 specimens	 of	 H.	 japonica,	 6	 specimens	 of	Mekongia	 lithophaga,	 and	 a	 single	 specimen	 of	 each	 H.	




One	 library	 including	all	 the	104	samples	 (Appendix	3)	were	prepared	 to	and	conduct	 the	double	digest	































Then,	 using	 these	 alignment	 sequences	 of	 100	 individuals,	 the	 phylogenetic	 tree	 was	 reconstructed	 with	
















fossil	 calibrations	 for	 the	 6	 species	 involved,	 the	 clock	 model	 in	 SNAPP	 analysis	 was	 calibrated	 using	 a	
divergence	time	of	S.	quadrata	and	H.	japonica,	5.4	million	years	ago	(Ma),	estimated	with	COI,	16S,	18S,	28S	
and	H3	genes	by	Hirano,	Saito,	Tsunamoto,	Koseki,	Prozorova,	 et	al.	 (2019).	Files	 for	SNAPP	were	prepared	
using	 a	 ruby	 script	 snapp_prep.rb	 (https://github.com/mmatschiner/snapp_prep)	 that	 used	 a	 particular	
combination	of	priors	and	operators	optimized	 for	SNAPP	analyses	 that	aim	to	estimate	species	divergence	
times	 (Stange	 et	 al.	 2018).	 Firstly,	 for	providing	a	 starting	 tree	 to	 run	 the	 script,	 a	 topology	of	 species	 tree	
without	clock	model	was	generated	using	SNAPP	by	a	run	with	chain	length	5,000,000	and	log	every	500.	Then,	
based	on	the	topology	of	the	starting	tree,	a	prior	of	normal	distribution	for	the	age	constraint	on	the	crown	of	
S.	quadrata,	M.	 lithophaga,	H.	 japonica,	 and	H.	 longispira	was	defined	by	 setting	offset	=	0,	mean	=	5.4,	 and	
	
	 69	
standard	division	=	1.1	 (95%	Highest	Posterior	Density,	95%	HPD:	3.80–7.21),	which	was	according	 to	 the	
divergence	time	estimation	between	S.	quadrata	and	H.	japonica	in	Hirano,	Saito,	Tsunamoto,	Koseki,	Prozorova,	
et	al.	 (2019).	Then,	 an	 input	xml	 file	 for	SNAPP	analysis	 containing	 the	 choice	of	priors	and	operators	was	
generated,	 and	 a	 run	with	 chain	 length	 500,000	 and	 log	 every	 250	was	 performed,	which	 resulted	 in	 high	
effective	 sample	 size	 (ESS)	 values	 (>200)	 for	major	 parameters.	 Subsequently,	 the	 theta	 (θ)	 and	 the	 equal	
population	 sizes	 (N)	 in	 all	 species	 were	 calculated	 using	 a	 ruby	 script	 add_theta_to_log.rb	
















haplotype	 matrix	 file	 using	 python	 script	 vcf2hapmatrix.py	 (https://github.com/pimbongaerts/radseq/	
blob/master/vcf2hapmatrix.py)	 as	 the	 input	 file	 for	 co-ancestry	 inference.	 The	 coancestry	 matrix	 was	












demographic	 processes	 of	 these	 lineages	 were	 essential	 to	 understand	 their	 population	 origin,	 dispersal,	
colonization	 and	 expansion	which	 could	 reveal	 biogeographical	 patterns	 and	 evolutionary	 history	 in	 these	
regions.	Combining	with	the	population	history	revealed	by	microsatellite	data,	the	Extended	Bayesian	Skyline	
Plot	(EBSP)	model	was	used	to	further	infer	the	demography	of	lineages	from	genomic	wide	ddRAD-seq	data.	
Because	phylogeny	and	population	structure	of	S.	quadrata	 showed	that	 lineages	 in	eastern	and	western	of	
continental	East	Asia	were	probably	different,	and	the	middle	part	of	Japan	(Kinki,	including	Shizuoka,	Nagoya,	
Nara,	Osaka,	Shiga,	and	Biwa	Lake)	probably	had	more	connections	with	continental	East	Asia	(see	results	in	
























revealed	 by	 a	 complex	model	 that	 the	 divergence	 of	 Kyushu	 populations	was	 associated	with	 the	 geologic	
formation	 of	 Japanese	 archipelago	 but	 the	 divergence	 of	 populations	 in	 other	 regions	 of	 Japan	was	mostly	





and	 had	 connections	with	 continental	 populations	 and	 Japanese	 populations,	 and	 likely	 had	 experienced	 a	
demographic	history	similar	with	Kyushu	which	showed	the	demographic	events	happened	earlier	than	other	
parts	 of	 Japan	 (see	 results	 in	 section	 4.3.3).	 Based	 on	 evidences	 from	 phylogeny,	 population	 structure,	
preliminary	 population	 history	 estimated	 using	 microsatellite	 and	 analyzed	 using	 EBSP,	 comprehensive	











originated	 from	CNE.	Thus,	CNE	was	used	 to	 represent	 the	continental	 lineage.	Regions	 in	 Japan	except	 for	
Kyushu	were	grouped	as	a	single	lineage	JPO	because	they	were	very	close	in	phylogeny	(Figure	28)	and	shared	




file	using	 the	package	vcfr	 in	R	 (Knaus	&	Grünwald	2017),	while	 SKR	only	has	 eight	 individuals.	Then,	 the	
dataset	 was	 converted	 to	 a	 multiSFS	 with	 four-dimensional	 (4D)	 type	 file	 using	 easySFS	 tools	






































28),	 except	H.	 japonica	 and	H.	 longispira	were	mixed	 suggesting	 further	 surveys	 are	needed.	 For	 the	 target	

























2018).	 Individuals	 from	 continental	 East	 Asia	 (CN)	 had	 two	 substructures.	 Within	 both	 substructures,	
individuals	 within	 populations	 shared	 a	 little	 more	 coancestry	 than	 between	 populations,	 suggesting	 the	
population	structure	was	uniform	within	each	substructure	in	CN.	In	Kyushu	part	of	Japan	(JPK,	including	two	
populations	 near	 JPK,	 Yamaguchi	 and	 Okayama),	 populations	 in	 Fukuoka,	 Yamaguchi	 and	 Okayama	 were	
















































East	 Asia,	 CNW	 and	 CNE	 especially,	 had	 relatively	 stable	 population	 size	 during	 the	 demographic	 history.	
Median	population	size	of	CNW	increased	to	the	peak	at	about	2.3	Ma,	and	then	decreased	to	the	bottom,	and	






increased	sharply	at	about	0.013	Ma.	Therefore,	 these	 results	 indicate	 that	populations	 in	South	Korea	and	
Japan	 were	 likely	 to	 experience	 bottlenecks	 and	 subsequently	 explosion	 in	 the	 history.	 Populations	 in	











The	 simulation	 model	 of	 each	 two	 lineages	 of	 CNE,	 SKR,	 JPK	 and	 JPO	 could	 reveal	 the	 most	 reliable	
demographic	 model	 of	 the	 four	 lineages	 (Figure	 33).	 The	 optimal	 parameters	 of	 2D	models	 estimated	 by	
Moments	were	shown	in	Table	15,	and	2D	model-data	comparison	plots	for	each	two	lineages	were	shown	in	























2D-Model nu1 (Nref) nu2 (Nref) m12 (×10-5) m21 (×10-5) T (genetic units) theta 
CNE-JPK 27.78  0.47  0.01  0.76  2.99  3.60 
CNE-JPO 21.61  1.15  0.72  0.35  2.96  3.34 
CNE-SKR 22.55  0.71  0.68  0.12  2.97  4.58 
JPK-JPO 3.57  13.46  0.35  0.04  2.97  4.40 
JPK-SKR 2.40  1.31  0.01  0.02  1.02  4.24 



















(Figure	35).	The	optimal	parameters	of	 the	4D	model	estimated	by	Moments	were	 shown	 in	Table	16.	The	
















































South	 Korea,	 and	 Japanese	 archipelago	 (Figure	 38A).	 During	 the	 LGM,	 suitable	 habitat	 mainly	 located	 in	
southern	ranges	of	the	Yellow	River,	most	of	the	exposed	land	bridge	and	most	of	Japan	(Figure38B).	Particularly,	
the	ranges	in	the	northern	area	of	Taiwan	island	and	the	western	area	of	Okinawa	trough	on	the	exposed	ECS	































different	 with	 weak	 structure	 of	 Pearl	 River	 Basin	 in	 previous	 study	 (Gu	 et	 al.	 2020).	 For	 contemporary	













suggesting	 that	 S.	 quadrata	 probably	 continuously	 distributed	 and	 increased	 in	 East	 Asia	 through	 the	
continuous	ECS	land	bridge.	The	warm	climate	during	this	period	probably	promoted	the	population	increase	
because	the	global	surface	temperature	in	the	early	Pleistocene	was	relatively	higher	than	later	(Hansen	et	al.	













suggested	 that	 on	 the	 background	 of	 warm	 climate	 and	 repeated	 alternation	 of	 land	 and	 sea	 in	 the	 early	
Pleistocene,	probably	the	paleogeography	of	regions	surrounding	South	Korea	and	Kyushu	in	Japan	tended	to	
be	more	continuous	until	completely	separated	from	the	continental	East	Asia,	but	further	studies	are	needed.	
















the	 imprint	 of	 the	 last	 glacial	 (Georgopoulou,	Neubauer,	 Harzhauser,	 et	 al.	 2016;	 Georgopoulou,	Neubauer,	
Strona,	et	al.	2016).	In	East	Asia,	exposure	of	the	ECS	land	bridge	during	the	last	glacial	played	a	role	of	corridor	
and	filter	for	distributions	of	temperate	plants	(Cao	et	al.	2016;	Kameyama	et	al.	2017;	Qi	et	al.	2014;	Zhao	et	









exposed	 ECS	 land	 bridge	 (Liu	 et	 al.	 2000;	 Xu	 et	 al.	 1981).	 In	 this	 study,	 non-continental	 populations	 of	 S.	
quadrata	rapidly	increased	and	encountered	outbreaks	in	a	period	as	the	sea	level	dropped	to	the	lowest	in	the	
LGM	(Figure	32).	The	profound	consistency	between	the	population	increase	and	the	sea	level	drop	suggested	
that	 the	 paleo-river	 systems	 developed	 on	 the	 exposed	 ECS	 land	 bridge	 were	 potentially	 approaches	 for	
dispersal	of	S.	quadrata	in	East	Asia	during	the	LGM.	 	
Populations	 in	 the	southern	Korean	peninsula	probably	received	migrants	 from	China	through	the	paleo-
river	systems	on	the	exposed	ECS	land	bridge	directly,	and	increased	rapidly	in	the	warming	up	climate	after	
the	LGM	(Hansen	et	al.	2013).	Populations	in	the	Japanese	archipelago	more	likely	received	migrants	from	the	








likely	 to	 still	 happen	 through	 the	 very	 narrow	 strait	 that	 had	 low-salinity	 surface	 water	 during	 the	 LGM.	
Moreover,	the	outbreaks	of	the	non-continental	populations	after	the	LGM	were	probably	also	benefit	from	the	
increasing	 artificial	migrations	by	 the	human	movement	8000	years	 ago	 (Bellwood	2005)	 and	 the	modern	
human	communications	between	Japan	and	continental	East	Asia	in	the	last	2000	years	(Chapter	II).	 	
In	 chapter	 II	 (section	 3),	 the	 demographic	 history	 estimated	 by	microsatellite	 analysis	 revealed	 that	 the	






the	 limitation	of	 the	microsatellite	markers	makes	 it	has	 lower	precision	 than	ddRAD-seq	 for	demographic	
analysis	but	the	exact	reasons	need	further	research.	After	all,	this	chapter	detected	the	potential	process	that	
the	paleogeographic	changes	affected	the	demographic	history	of	S.	quadrata	in	East	Asia.	The	contemporary	







taxonomic	 issues	 that	 previous	 authors	 designated	 based	 only	 on	 the	minor	 shell	 variations	 and	 anatomy	
characters	were	lasted	for	more	than	a	century.	The	decades	of	wrong	usage	of	Bellamya	for	the	specific	Asiatic	
viviparid	 group	 should	 be	 ended	 and	 Sinotaia	 should	 be	 used	 as	 the	 genus	 name	 instead,	 because	 the	
phylogenetic	relationship	suggested	that	the	Asiatic	viviparid	group	was	completely	different	from	Bellamya	
genus	 in	Africa	 (Figure	6).	 In	 addition,	 it	was	not	particularly	 recognized	 in	previous	 studies	 that	previous	
authors	also	over-classified	several	morphotypes	of	S.	quadrata	with	minor	shell	variations	as	 independent	












other	18	species	 in	Sinotaia	 genus	(Figure	2)	 is	worth	 to	study	 in	 the	 future.	There	are	still	 several	species	











The	 biogeographic	 patterns	 for	 contemporary	 populations	 of	 S.	 quadrata	 in	 East	 Asia	 were	 likely	 to	 be	
summarized	as	follows:	populations	in	continental	East	Asia	had	weak	structures	and	large	genetic	admixture;	








freshwater	 system	by	 floods	 (Gu,	Husemann,	 et	 al.	 2015;	Gu,	 Zhang,	 et	 al.	 2015;	Gu,	 Zhou,	 et	 al.	 2015)	 and	
enhanced	passive	dispersal	by	human	use	of	this	snail.	On	the	contrary,	populations	in	South	Korea	and	Japan	
showed	higher	genetic	structure	associating	with	their	geological	distributions.	Significant	IBD	was	found	in	
Japanese	 populations	 (Figure	 19).	 Populations	 in	 the	 west	 (Kansai)	 and	 east	 (Kanto)	 of	 Japan	 roughly	
structured	associated	with	their	normal	geographic	boundaries	of	terrains	but	also	shared	genetic	exchanges	
with	 each	 other	 (Figure	 18,	 28).	 Populations	 in	 Kyushu	 significantly	 structured	 and	 clustered	 to	 a	 specific	
lineage	different	from	other	Japanese	populations	(Figure	16B,	18,	24,	28,	30).	The	two	populations	in	South	


























population	 outbreak	 and	 divergence	 along	 with	 natural	 process	 in	 the	 last	 glacial	 but	 did	 not	 reveal	 the	
population	size	fluctuation	during	Pleistocene,	a	more	earlier	period.	However,	microsatellite	data	revealed	the	
recent	 artificial	 introduction	 from	 continental	 East	 Asia	 to	 Japan	 happened	 associating	 with	 the	 human	
migration	at	about	8000	years	ago	and	with	the	economic	and	social	changes	more	recently	from	1200	years	
ago	(Figure	24).	 	
Therefore,	 the	 potential	 demographic	 history	 of	 S.	 quadrata	 in	 East	 Asia	 might	 have	 four	 stages:	 (1)	 S.	
quadrata	probably	continuously	distributed	and	increased	in	the	East	Asia	through	the	connected	ECS	land	
bridge	during	2.3−0.8	Ma,	but	later	non-continental	populations	decreased	to	small	sizes	probably	because	of	
the	 larger	 variations	 of	 climate	 and	 the	 possible	 paleogeography	 changes	 that	 totally	 made	 the	 Japanese	
archipelago	 separated	 from	 the	 Eurasian	 continent	 during	 the	 mid-Pleistocene;	 (2)	 During	 the	 LGM,	 the	
dispersal	 and	 expansion	 of	 S.	 quadrata	 was	 likely	 through	 a	 direct	 approach	 of	 the	 paleo-river	 systems	
developed	on	the	exposed	ECS	land	bridge	from	continental	East	Asia	to	the	southern	Korean	peninsula,	and	
an	indirect	approach	of	the	low-salinity	surface	water	in	the	narrow	Tsushima	Strait	from	the	southern	of	the	






However,	 details	 of	 paleogeographic	 patterns	 in	 East	 Asia	 that	 influence	 the	 demographic	 history	 of	 S.	









































Appendix	 1.	 Molecular	 sequences	 data	 in	 GenBank	 for	 phylogenetic	 analysis	 of	 Sinotaia.	 Sequencing	 primers	
are16Sar-L	and	16Sbr-H	for	16S	rRNA,	LCO1490	and	HCO2198	for	COI.	
Taxa	 16S	 COI	 Reference	
Bellamya_capillata_Lake_Kariba_B.cap.4	 FJ405689	 FJ405818	 Sengupta	et	al.	2009	
Viviparus_contectus_Denmark	 FJ405692	 FJ405778	 Sengupta	et	al.	2009	
Bellamya	_pagodiformis_Lake_Mweru_B.pago.1	 FJ405694	 FJ405784	 Sengupta	et	al.	2009	
Bellamya	_jeffreysi_Lake_Malawi_B.jef.3	 FJ405700	 FJ405812	 Sengupta	et	al.	2009	
Angulyagra_sp._Nam_Dinh	 FJ405723	 FJ405819	 Sengupta	et	al.	2009	
Viviparus_ater_Switzerland	 FJ405734	 FJ405830	 Sengupta	et	al.	2009	
Margarya_melanioides_Lake_Dianchi_KIZD2	 GU198820	 GU198765	 Du	et	al.2013	 	
Margarya_melanioides_Lake_Dianchi_KIZD8	 GU198821	 GU198766	 Du	et	al.2013	 	
Anularya_mansuyi_Lake_Xingyun_KIZD21	 GU198823	 GU198768	 Du	et	al.2013	 	
Anularya_mansuyi_Lake_Xingyun_KIZD22	 GU198824	 GU198769	 Du	et	al.2013	 	
Anularya_mansuyi_Qilu_Lake_KIZD26	 GU198827	 GU198772	 Du	et	al.2013	 	
Anularya_mansuyi_Qilu_Lake_KIZD28	 GU198829	 GU198774	 Du	et	al.2013	 	
Margarya_melanioides_Lake_Haixihai_KIZD80	 GU198847	 GU198793	 Du	et	al.2013	 	
Margarya_melanioides_Lake_Haixihai_KIZD81	 GU198848	 GU198794	 Du	et	al.2013	 	
Neothauma_tanganyicense_Lake_Tanganyika_7032	 HQ012683	 HQ012716	 Schultheiβ	et	al.	2011	
Bellamya	_monardi_Zambezi_River_BmoH1-9482	 HQ012684	 HQ012798	 Schultheiβ	et	al.	2011	
Bellamya	_robertsoni_Lake_Malawi_BroH13-6596	 HQ012698	 HQ012752	 Schultheiβ	et	al.	2011	
Bellamya	_trochlearis_Lake_Victoria_15192	 JX489298	 JX489227	 Schultheiβ	et	al.	2014	
Bellamya	_rubicunda_Lake_Albert_15312	 JX489301	 JX489230	 Schultheiβ	et	al.	2014	
Bellamya	_unicolor_Nile_River_15476	 JX489303	 JX489232	 Schultheiβ	et	al.	2014	
Sinotaia_purificata_Lake_Baiyang3	 KF535213	 KF535373	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Baiyang4	 KF535214	 KF535374	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Dongting2	 KF535216	 KF535378	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Liangzi2	 KF535223	 KF535388	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Liangzi3	 KF535224	 KF535389	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Nansi1	 KF535226	 KF535393	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Nansi4	 KF535228	 KF535395	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Poyang1	 KF535229	 KF535398	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Poyang2	 KF535230	 KF535399	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Poyang3	 KF535231	 KF535400	 Gu	et	al.	2019	
Sinotaia_purificata_River_Qingjiang1	 KF535232	 KF535404	 Gu	et	al.	2019	
Sinotaia_purificata_River_Qingjiang4	 KF535233	 KF535405	 Gu	et	al.	2019	
Sinotaia_purificata_Lake_Taihu4	 KF535237	 KF535410	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Baiyang2	 KF535239	 KF535414	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Chaohu3	 KF535243	 KF535419	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Dianchi2	 KF535246	 KF535423	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Dongting6	 KF535250	 KF535427	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Dongting7	 KF535251	 KF535428	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Dongting8	 KF535252	 KF535429	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Honghu1	 KF535256	 KF535437	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Honghu3	 KF535258	 KF535438	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Honghu4	 KF535259	 KF535439	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Liangzi4	 KF535266	 KF535447	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Poyang2	 KF535271	 KF535456	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Poyang4	 KF535273	 KF535457	 Gu	et	al.	2019	
Sinotaia_aeruginosa_River_Qingjiang2	 KF535275	 KF535461	 Gu	et	al.	2019	
Sinotaia_aeruginosa_River_Qingjiang4	 KF535277	 KF535463	 Gu	et	al.	2019	
Sinotaia_aeruginosa_Lake_Taihu3	 KF535279	 KF535465	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Chaohu1	 KF535282	 KF535469	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Chaohu4	 KF535285	 KF535471	 Gu	et	al.	2019	
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Sinotaia_quadrata_Lake_Dongting4	 KF535291	 KF535479	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Liangzi1	 KF535294	 KF535482	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Liangzi2	 KF535295	 KF535483	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Nansi1	 KF535298	 KF535488	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Nansi2	 KF535299	 KF535489	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Poyang4	 KF535305	 KF535494	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Taihu1	 KF535306	 KF535496	 Gu	et	al.	2019	
Sinotaia_quadrata_Lake_Taihu4	 KF535309	 KF535499	 Gu	et	al.	2019	
Sinotaia_dispiralis_Lake_Chaohu1	 KF535310	 KF535501	 Gu	et	al.	2019	
Sinotaia_dispiralis_Lake_Dongting1	 KF535314	 KF535505	 Gu	et	al.	2019	
Sinotaia_dispiralis_Lake_Dongting2	 KF535315	 KF535506	 Gu	et	al.	2019	
Sinotaia_dispiralis_Lake_Dongting4	 KF535317	 KF535507	 Gu	et	al.	2019	
Sinotaia_dispiralis_Lake_Poyang3	 KF535320	 KF535511	 Gu	et	al.	2019	
Sinotaia_turritus_Lake_Erhai3	 KF535328	 KF535520	 Gu	et	al.	2019	
Sinotaia_lapidea_Lake_Hongze2	 KF535349	 KF535545	 Gu	et	al.	2019	
Sinotaia_angularis_Lake_Hongze1	 KF535351	 KF535546	 Gu	et	al.	2019	
Sinotaia_angularis_Lake_Hongze2	 KF535352	 KF535547	 Gu	et	al.	2019	
Sinotaia_angularis_Lake_Hongze3	 KF535353	 KF535548	 Gu	et	al.	2019	
Sinotaia_angularis_Lake_Liangzi1	 KF535355	 KF535550	 Gu	et	al.	2019	
Sinotaia_angularis_Lake_Liangzi3	 KF535357	 KF535552	 Gu	et	al.	2019	
Sinotaia_angularis_Lake_Liangzi4	 KF535358	 KF535553	 Gu	et	al.	2019	
Sinotaia_lapillorum_Lake_Taihu1	 KF535367	 KF535564	 Gu	et	al.	2019	
Sinotaia_lapillorum_Lake_Taihu3	 KF535369	 KF535566	 Gu	et	al.	2019	
Sinotaia_lapillorum_Lake_Taihu4	 KF535370	 KF535567	 Gu	et	al.	2019	
Sinotaia_quadrata_histrica_Kanagawa_V21	 LC028434	 LC028498	 Hinaro	et	al.	2015	
Sinotaia_quadrata_histrica_Okayama_V37	 LC028437	 LC028501	 Hinaro	et	al.	2015	
Sinotaia_quadrata_histrica_Okayama_V38	 LC028438	 LC028502	 Hinaro	et	al.	2015	
Sinotaia_quadrata_histrica_Shiga_V91	 LC028441	 LC028505	 Hinaro	et	al.	2015	
Sinotaia_quadrata_histrica_Kanagawa_V193	 LC028443	 LC028507	 Hinaro	et	al.	2015	
Sinotaia_quadrata_histrica_Ishikawa_V228	 LC028450	 LC028514	 Hinaro	et	al.	2015	
Sinotaia_quadrata_histrica_Okayama_V318	 LC028452	 LC028516	 Hinaro	et	al.	2015	
Heterogen_japonica_V254	 LC028463	 LC028527	 Hinaro	et	al.	2015	
Heterogen	_japonica_Osaka_V362	 LC028468	 LC028532	 Hinaro	et	al.	2015	
Heterogen	_japonica_Okayama_V401	 LC028469	 LC028533	 Hinaro	et	al.	2015	
Heterogen_japonica_Wakayama_V409	 LC028471	 LC028535	 Hinaro	et	al.	2015	
Cipangopaludina_chinensis_Shiga_V249	 LC028478	 LC028542	 Hinaro	et	al.	2015	
Cipangopaludina_chinensis_Shiga_V384	 LC028481	 LC028545	 Hinaro	et	al.	2015	
Cipangopaludina_chinensis_Ishikawa_V393	 LC028482	 LC028546	 Hinaro	et	al.	2015	
Cipangopaludina_chinensis_Wakayama_V410	 LC028483	 LC028547	 Hinaro	et	al.	2015	
Cipangopaludina_chinensis_Miyagi_V344	 LC028484	 LC028548	 Hinaro	et	al.	2015	
Torotaia_sp._Lake_Lanao_18374	 MH304374	 MH319882	 Stelbrink	et	al.	2019	
Torotaia_cf._lanaonis_Lake_Lanao_18377	 MH304375	 MH319883	 Stelbrink	et	al.	2019	
Torotaia_cf._mindanensis_Lake_Lanao_18380	 MH304376	 MH319884	 Stelbrink	et	al.	2019	
Torotaia_cf._gilliana_Lake_Lanao_18385	 MH304377	 MH319885	 Stelbrink	et	al.	2019	
Torotaia_cf._mearnsi_Lake_Lanao_18390	 MH304379	 MH319887	 Stelbrink	et	al.	2019	







Pop	 FST	 Longitude	 Latitude	 PopD1km	 PopD5km	 PopD10km	 PopD20km	 PopD50km	 HmFp1km	 HmFp5km	 HmFp10km	 HmFp20km	
Aomori	 0.4129	 141.33	 	 40.71	 	 168.54	 	 233.25	 	 205.08	 	 167.16	 	 160.23	 	 35.00	 	 29.54	 	 46.46	 	 57.63	 	
Akita	 0.4205	 141.33	 	 39.91	 	 39.89	 	 62.71	 	 78.31	 	 134.91	 	 82.79	 	 9.67	 	 7.91	 	 9.40	 	 13.81	 	
Miyagi	 0.3789	 140.07	 	 38.21	 	 93.33	 	 91.54	 	 94.45	 	 126.60	 	 148.54	 	 21.33	 	 20.74	 	 19.84	 	 19.85	 	
Fukushima	 0.4579	 140.31	 	 37.42	 	 449.10	 	 449.10	 	 439.60	 	 333.77	 	 179.83	 	 33.25	 	 33.63	 	 30.10	 	 24.35	 	
Nagano	 0.2011	 137.97	 	 36.28	 	 243.41	 	 256.47	 	 253.08	 	 234.48	 	 206.61	 	 42.67	 	 32.90	 	 28.14	 	 22.63	 	
Kanagawa	 0.5371	 139.37	 	 35.34	 	 4088.03	 	 5256.88	 	 4457.25	 	 4088.53	 	 3713.46	 	 38.33	 	 52.78	 	 65.10	 	 67.03	 	
Shizuoka	 0.2604	 137.73	 	 34.74	 	 529.04	 	 529.04	 	 581.12	 	 646.96	 	 561.91	 	 46.00	 	 40.80	 	 45.69	 	 57.93	 	
Nagoya	 0.3081	 136.97	 	 35.17	 	 7107.86	 	 6716.48	 	 5671.59	 	 3486.52	 	 1296.54	 	 36.00	 	 40.73	 	 41.67	 	 43.15	 	
Shiga	 0.26	 136.29	 	 35.49	 	 239.27	 	 239.27	 	 219.18	 	 157.13	 	 336.23	 	 10.67	 	 19.91	 	 17.84	 	 15.20	 	
Biwako	 0.3034	 135.98	 	 35.15	 	 866.50	 	 926.75	 	 930.28	 	 965.87	 	 669.90	 	 21.67	 	 25.79	 	 26.72	 	 29.10	 	
Nara	 0.2513	 135.73	 	 34.67	 	 1548.78	 	 1871.26	 	 2499.15	 	 3759.26	 	 2133.20	 	 40.67	 	 41.22	 	 40.91	 	 37.32	 	
Osaka	 0.344	 135.53	 	 34.57	 	 5909.28	 	 8065.08	 	 7630.86	 	 6183.59	 	 2378.45	 	 40.67	 	 42.53	 	 44.92	 	 58.03	 	
Kagawa	 0.3959	 133.81	 	 34.27	 	 976.23	 	 1062.72	 	 800.16	 	 638.24	 	 512.64	 	 38.00	 	 39.75	 	 50.70	 	 74.02	 	
Kochi	 0.1954	 133.59	 	 33.53	 	 741.82	 	 954.01	 	 781.07	 	 548.99	 	 157.07	 	 66.67	 	 66.08	 	 68.56	 	 60.51	 	
Yamaguchi	 0.4656	 132.21	 	 34.14	 	 160.14	 	 160.14	 	 203.90	 	 208.60	 	 425.45	 	 44.33	 	 64.23	 	 68.89	 	 62.00	 	
Kumamoto	 0.3734	 130.66	 	 32.75	 	 1872.69	 	 1840.01	 	 1585.83	 	 951.33	 	 335.21	 	 37.00	 	 40.77	 	 54.28	 	 62.21	 	
Nagasaki	 0.575	 129.86	 	 32.80	 	 1277.82	 	 1152.52	 	 1048.06	 	 902.48	 	 463.93	 	 43.33	 	 41.76	 	 57.76	 	 66.42	 	
Kogoshima	 0.6064	 130.25	 	 31.82	 	 142.44	 	 142.44	 	 159.28	 	 167.00	 	 264.29	 	 32.33	 	 24.11	 	 45.60	 	 65.26	 	
Changchun	 0.439	 125.31	 	 43.86	 	 14459.28	 	 22730.62	 	 10086.30	 	 2814.44	 	 653.39	 	 37.00	 	 36.73	 	 35.39	 	 30.23	 	
Anhui	 0.3708	 117.39	 	 31.72	 	 410.10	 	 367.18	 	 535.62	 	 2202.08	 	 870.00	 	 12.50	 	 14.65	 	 17.22	 	 19.66	 	
Nanjing	 0.3491	 118.78	 	 32.11	 	 17779.44	 	 10175.42	 	 12634.32	 	 4970.65	 	 1360.20	 	 33.00	 	 37.82	 	 34.72	 	 31.14	 	
Hangzhou	 0.3705	 120.11	 	 30.27	 	 12548.56	 	 9389.57	 	 8489.39	 	 3836.91	 	 1437.69	 	 35.33	 	 34.43	 	 33.85	 	 32.63	 	
ChunAn	 0.3467	 119.15	 	 29.49	 	 17.06	 	 191.98	 	 315.56	 	 331.47	 	 216.33	 	 7.00	 	 8.00	 	 8.13	 	 10.35	 	
Hubei	 0.4844	 112.63	 	 30.92	 	 263.55	 	 291.49	 	 330.70	 	 310.81	 	 323.10	 	 17.00	 	 16.95	 	 15.82	 	 15.19	 	
Jiujiang	 0.3849	 116.00	 	 29.71	 	 18056.96	 	 7378.90	 	 2807.31	 	 1104.99	 	 575.02	 	 35.00	 	 34.64	 	 26.86	 	 19.58	 	
Sichuan	 0.5216	 104.08	 	 30.63	 	 19560.89	 	 17476.57	 	 12921.44	 	 6132.69	 	 1817.27	 	 37.00	 	 36.57	 	 35.11	 	 31.26	 	
Yangzonghai	 0.2695	 102.99	 	 24.90	 	 212.41	 	 233.55	 	 327.55	 	 473.28	 	 688.17	 	 15.75	 	 16.56	 	 18.24	 	 18.95	 	
Shilin	 0.2135	 103.31	 	 24.81	 	 184.27	 	 297.78	 	 325.79	 	 268.17	 	 241.31	 	 26.67	 	 23.43	 	 18.46	 	 16.11	 	
HongKong	 0.4089	 114.11	 	 22.51	 	 8619.97	 	 4905.61	 	 10380.70	 	 8782.17	 	 4815.92	 	 128.00	 	 121.13	 	 103.86	 	 91.64	 	
Yilan	 0.2485	 121.78	 	 24.67	 	 2373.25	 	 1308.47	 	 813.63	 	 448.45	 	 932.85	 	 34.50	 	 32.48	 	 45.30	 	 54.83	 	





Pop	 HmFp50km	 UbEx20km	 UbEx50km	 NetM20km	 NetM50km	 BIO1	 BIO2	 BIO3	 BIO4	 BIO5	 BIO6	 BIO7	 BIO8	 BIO9	
Aomori	 64.31	 	 0.00	 	 0.00	 	 28991.94	 	 21182.25	 	 99	 81	 25	 8373	 265	 -52	 317	 206	 77	
Akita	 27.26	 	 0.00	 	 0.00	 	 28993.14	 	 18109.93	 	 83	 89	 26	 8908	 260	 -80	 340	 197	 -30	
Miyagi	 16.68	 	 41.00	 	 23.00	 	 14246.01	 	 12299.41	 	 97	 86	 25	 9196	 281	 -60	 341	 214	 73	
Fukushima	 21.26	 	 34.00	 	 34.00	 	 31468.71	 	 27722.45	 	 106	 92	 27	 8657	 281	 -54	 335	 217	 -3	
Nagano	 17.58	 	 63.00	 	 40.67	 	 17721.29	 	 25057.34	 	 115	 111	 30	 8888	 301	 -60	 361	 226	 2	
Kanagawa	 68.43	 	 0.00	 	 29.33	 	 77135.75	 	 155086.12	 	 151	 91	 29	 7402	 304	 -6	 310	 220	 57	
Shizuoka	 67.74	 	 93.00	 	 45.00	 	 8223.61	 	 14264.17	 	 161	 77	 26	 7309	 306	 18	 288	 220	 68	
Nagoya	 37.73	 	 98.00	 	 92.00	 	 144662.45	 	 87084.96	 	 157	 89	 27	 8150	 324	 1	 323	 226	 54	
Shiga	 18.53	 	 79.00	 	 79.00	 	 14427.86	 	 11671.97	 	 142	 77	 24	 8177	 308	 -1	 309	 210	 109	
Biwako	 25.97	 	 98.00	 	 91.67	 	 4155.65	 	 121055.17	 	 144	 88	 27	 8187	 313	 -5	 318	 246	 42	
Nara	 45.86	 	 0.00	 	 70.50	 	 344582.00	 	 141810.66	 	 151	 95	 29	 8105	 321	 -2	 323	 220	 50	
Osaka	 55.52	 	 0.00	 	 46.00	 	 344582.00	 	 142870.13	 	 154	 87	 28	 7897	 318	 9	 309	 221	 55	
Kagawa	 76.55	 	 0.00	 	 34.00	 	 30244.09	 	 33207.61	 	 154	 85	 27	 7823	 315	 11	 304	 220	 58	
Kochi	 43.26	 	 85.00	 	 30.00	 	 26038.42	 	 16615.89	 	 158	 84	 28	 7338	 303	 7	 296	 247	 63	
Yamaguchi	 67.79	 	 0.00	 	 0.00	 	 3381.48	 	 17368.46	 	 150	 82	 27	 7820	 307	 4	 303	 216	 76	
Kumamoto	 46.89	 	 82.00	 	 58.50	 	 50560.32	 	 38615.20	 	 162	 95	 30	 7794	 320	 6	 314	 229	 83	
Nagasaki	 88.63	 	 78.00	 	 19.50	 	 50832.90	 	 38751.49	 	 162	 74	 26	 7335	 307	 24	 283	 252	 91	
Kogoshima	 72.00	 	 0.00	 	 30.25	 	 24461.57	 	 21266.17	 	 166	 81	 28	 7028	 306	 25	 281	 224	 97	
Changchun	 20.40	 	 89.00	 	 88.50	 	 90425.63	 	 41502.89	 	 51	 113	 22	 13726	 279	 -218	 497	 218	 -137	
Anhui	 17.62	 	 59.00	 	 75.25	 	 242814.22	 	 122014.34	 	 161	 82	 24	 8971	 324	 -8	 332	 250	 42	
Nanjing	 23.77	 	 91.00	 	 87.00	 	 23046.41	 	 499724.21	 	 156	 88	 26	 8987	 320	 -16	 336	 269	 60	
Hangzhou	 29.06	 	 95.00	 	 83.25	 	 556920.31	 	 299104.34	 	 166	 80	 24	 8515	 331	 7	 324	 247	 126	
ChunAn	 10.29	 	 68.00	 	 43.67	 	 30354.50	 	 27939.11	 	 158	 78	 24	 8258	 317	 0	 317	 197	 70	
Hubei	 15.17	 	 69.00	 	 74.67	 	 35887.51	 	 32658.78	 	 166	 82	 25	 8594	 322	 1	 321	 274	 51	
Jiujiang	 14.93	 	 75.00	 	 70.50	 	 33037.96	 	 76449.52	 	 173	 78	 24	 8690	 338	 14	 324	 213	 81	
Sichuan	 22.97	 	 93.00	 	 95.33	 	 417761.19	 	 348396.82	 	 164	 70	 26	 6890	 294	 27	 267	 241	 69	
Yangzonghai	 17.87	 	 46.00	 	 46.33	 	 54183.72	 	 33831.30	 	 149	 103	 45	 4365	 240	 15	 225	 197	 87	
Shilin	 15.09	 	 58.00	 	 50.33	 	 24410.01	 	 21001.01	 	 165	 106	 45	 4478	 261	 30	 231	 214	 101	
HongKong	 89.99	 	 0.00	 	 32.67	 	 4553705.00	 	 2603677.44	 	 226	 72	 34	 4979	 318	 108	 210	 282	 173	
Yilan	 61.12	 	 79.00	 	 58.00	 	 67844.35	 	 <NA>	 217	 60	 32	 4277	 309	 127	 182	 229	 180	





Pop	 BIO10	 BIO11	 BIO12	 BIO13	 BIO14	 BIO15	 BIO16	 BIO17	 BIO18	 BIO19	
Aomori	 206	 -8	 1211	 165	 71	 24	 391	 229	 391	 275	
Akita	 197	 -30	 1401	 186	 72	 31	 522	 243	 522	 243	
Miyagi	 214	 -17	 1662	 210	 88	 23	 531	 298	 531	 439	
Fukushima	 217	 -3	 1330	 181	 57	 41	 529	 191	 529	 191	
Nagano	 227	 2	 1134	 161	 42	 43	 414	 138	 409	 138	
Kanagawa	 247	 57	 1538	 204	 53	 40	 529	 171	 507	 171	
Shizuoka	 256	 68	 2044	 289	 66	 42	 716	 223	 691	 223	
Nagoya	 262	 54	 1717	 237	 56	 45	 641	 186	 628	 186	
Shiga	 248	 40	 1953	 238	 112	 25	 622	 399	 610	 416	
Biwako	 251	 42	 1724	 240	 77	 38	 632	 248	 597	 248	
Nara	 256	 50	 1557	 223	 57	 41	 572	 188	 532	 188	
Osaka	 257	 55	 1576	 206	 73	 34	 516	 227	 514	 227	
Kagawa	 258	 58	 1251	 183	 40	 46	 469	 134	 446	 134	
Kochi	 253	 63	 2369	 339	 55	 50	 914	 211	 891	 211	
Yamaguchi	 253	 52	 1768	 290	 51	 51	 732	 186	 610	 192	
Kumamoto	 262	 62	 2009	 367	 60	 62	 938	 201	 767	 207	
Nagasaki	 258	 69	 2025	 348	 73	 53	 871	 236	 764	 236	
Kogoshima	 258	 76	 2414	 420	 96	 52	 1042	 293	 849	 308	
Changchun	 218	 -137	 604	 181	 5	 108	 408	 15	 408	 15	
Anhui	 274	 42	 954	 131	 30	 43	 357	 108	 357	 108	
Nanjing	 269	 37	 998	 183	 31	 53	 444	 113	 444	 114	
Hangzhou	 273	 55	 1379	 212	 45	 45	 518	 159	 499	 198	
ChunAn	 261	 48	 1621	 275	 47	 50	 703	 180	 540	 221	
Hubei	 274	 51	 962	 166	 24	 55	 423	 91	 423	 91	
Jiujiang	 281	 58	 1453	 234	 44	 46	 595	 170	 528	 178	
Sichuan	 248	 69	 986	 246	 7	 99	 614	 28	 599	 28	
Yangzonghai	 197	 87	 1026	 217	 13	 87	 601	 42	 601	 42	
Shilin	 214	 101	 989	 204	 12	 84	 570	 44	 570	 44	
HongKong	 282	 157	 2051	 354	 29	 75	 1048	 97	 1048	 109	
Yilan	 268	 161	 2883	 452	 127	 39	 1118	 434	 872	 479	






Species	 individual_name	 Longitude	 Latitude	 Group	 Barcode	 Raw	read	 mean	depth	(depth	>=10)	 number	of	RAD	loci	
Sinotaia	quadrata	 AK10_Akita	 141.32549	 39.91159	 JPE	 TGGTT	 703848	 55.931	 1020	
Sinotaia	quadrata	 AK19_Akita	 141.32549	 39.91159	 JPE	 GTTTT	 959238	 69.903	 1915	
Sinotaia	quadrata	 AK20_Akita	 141.32549	 39.91159	 JPE	 CCTTG	 6777612	 324.429	 2307	
Sinotaia	quadrata	 AM04_Aomori	 141.32549	 40.7109	 JPE	 GTGAA	 2273227	 108.072	 2267	
Sinotaia	quadrata	 AM36_Aomori	 141.32549	 40.7109	 JPE	 CCAGG	 1350152	 74.282	 2179	
Sinotaia	quadrata	 AN13_Anhui	 117.388	 31.7157	 CNE	 AACGC	 4175351	 199.363	 1884	
Sinotaia	quadrata	 AN16_Anhui	 117.388	 31.7157	 CNE	 CCATT	 3827315	 170.619	 2041	
Sinotaia	quadrata	 BW44_Biwa	 136.07092	 35.24254	 JPM	 TATTT	 3293097	 134.145	 2150	
Sinotaia	quadrata	 CA06_ChunAn	 119.14888	 29.49127	 CNE	 TAAGA	 2755816	 118.551	 2068	
Sinotaia	quadrata	 CA17_ChunAn	 119.14888	 29.49127	 CNE	 AACGC	 2636319	 114.601	 2060	
Sinotaia	quadrata	 CC02_Changchun	 125.30809	 43.85745	 CNE	 TCCTC	 52034	 58.517	 1	
Sinotaia	quadrata	 CC09_Changchun	 125.30809	 43.85745	 CNE	 TTGGC	 316091	 34.88	 541	
Sinotaia	quadrata	 CC18_Changchun	 125.30809	 43.85745	 CNE	 TTGGC	 644443	 38.24	 1769	
Sinotaia	quadrata	 FK06_Fukushima	 140.30995	 37.41986	 JPE	 CTCTT	 2873384	 130.534	 2406	
Sinotaia	quadrata	 FK58_Fukushima	 140.30995	 37.41986	 JPE	 GGAAG	 7137530	 316.118	 2291	
Sinotaia	quadrata	 HB07_Hubei	 112.6341	 30.9206	 CNE	 ATATC	 2480633	 100.41	 2317	
Sinotaia	quadrata	 HB17_Hubei	 112.6341	 30.9206	 CNE	 AGAGT	 90372	 34.141	 81	
Sinotaia	quadrata	 HK14_HongKong	 114.11083	 22.51421	 CNE	 TATCA	 2072535	 93.781	 2136	
Sinotaia	quadrata	 HK28_HongKong	 114.11083	 22.51421	 CNE	 CCAGG	 4273661	 197.937	 1897	
Sinotaia	quadrata	 HK64_HongKong	 114.11083	 22.51421	 CNE	 TCTCT	 6339657	 264.026	 2004	
Sinotaia	quadrata	 HZ09_Hangzhou	 120.11192	 30.27164	 CNE	 TTTTA	 1326425	 68.33	 1882	
Sinotaia	quadrata	 HZ12_Hangzhou	 120.11192	 30.27164	 CNE	 CCTTG	 1830806	 89.217	 2326	
Sinotaia	quadrata	 JJ04_Jiujiang	 115.99929	 29.70966	 CNE	 ACCCC	 1583025	 79.455	 1888	
Sinotaia	quadrata	 JJ08_Jiujiang	 115.99929	 29.70966	 CNE	 GGACC	 4622676	 220.734	 2146	
Sinotaia	quadrata	 JJ17_Jiujiang	 115.99929	 29.70966	 CNE	 AATAG	 73575	 177.123	 2	
Sinotaia	quadrata	 KC15_Kochi	 133.59092	 33.52595	 JPW	 GGGCG	 1744583	 94.094	 2221	
Sinotaia	quadrata	 KC25_Kochi	 133.59092	 33.52595	 JPW	 TAATG	 3413562	 149.948	 2328	
Sinotaia	quadrata	 KGS08_Kagoshima	 130.25028	 31.82426	 JPK	 GTGTG	 5236045	 237.884	 2330	
Sinotaia	quadrata	 KGS15_Kagoshima	 130.25028	 31.82426	 JPK	 AATAG	 1937788	 100.665	 2221	
Sinotaia	quadrata	 KGS22_Kagoshima	 130.25028	 31.82426	 JPK	 CGACA	 2354761	 131.9	 2265	
Sinotaia	quadrata	 KN24_Kanagawa	 139.36815	 35.34148	 JPE	 TAGCT	 3549806	 165.859	 2348	
Sinotaia	quadrata	 KN44_Kanagawa	 139.36815	 35.34148	 JPE	 ATGCT	 2825105	 122.311	 2329	
Sinotaia	quadrata	 KT04_Kumamoto	 130.65568	 32.75014	 JPK	 CCCCA	 4535257	 175.411	 2476	
Sinotaia	quadrata	 KT10_Kumamoto	 130.65568	 32.75014	 JPK	 AATCT	 1967492	 111.23	 2308	
Sinotaia	quadrata	 KT15_Kumamoto	 130.65568	 32.75014	 JPK	 TTTAG	 2158136	 105.75	 2332	
Sinotaia	quadrata	 KT21_Kumamoto	 130.65568	 32.75014	 JPK	 TTAGG	 724807	 52.944	 1746	
	
	 100	
Sinotaia	quadrata	 MY12_Miyagi	 140.065	 38.20503	 JPE	 AAAGG	 3165647	 144.556	 2407	
Sinotaia	quadrata	 MY21_Miyagi	 140.065	 38.20503	 JPE	 TTCCA	 3375528	 142.229	 2405	
Sinotaia	quadrata	 NGN12_Nagano	 137.97012	 36.27872	 JPE	 TCCTC	 4756148	 204.457	 2424	
Sinotaia	quadrata	 NGS02_Nagasaki	 129.71472	 33.17973	 JPK	 GACTA	 3439337	 154.744	 2445	
Sinotaia	quadrata	 NGS05_Nagasaki	 129.71472	 33.17973	 JPK	 AAAAA	 1566532	 82.795	 2296	
Sinotaia	quadrata	 NGS09_Nagasaki	 129.71472	 33.17973	 JPK	 GGGGA	 2873764	 132.205	 2421	
Sinotaia	quadrata	 NGY13_Nagoya	 136.97387	 35.17167	 JPM	 ACCAT	 4295647	 175.905	 2416	
Sinotaia	quadrata	 NGY21_Nagoya	 136.97387	 35.17167	 JPM	 TAATG	 8406265	 363.307	 2222	
Sinotaia	quadrata	 NJ06_Nanjing	 118.78347	 32.1067	 CNE	 TTAAT	 2258958	 114.687	 1818	
Sinotaia	quadrata	 NJ23_Nanjing	 118.78347	 32.1067	 CNE	 AACTG	 1463883	 78.837	 2144	
Sinotaia	quadrata	 NJ32_Nanjing	 118.78347	 32.1067	 CNE	 CCATT	 2227068	 127.115	 1624	
Sinotaia	quadrata	 NR04_Nara	 135.73082	 34.67111	 JPM	 ACGTA	 4721867	 192.559	 2397	
Sinotaia	quadrata	 NR17_Nara	 135.73082	 34.67111	 JPM	 AGGAC	 3631053	 153.516	 2504	
Sinotaia	quadrata	 SC04_Sichuan	 104.07721	 30.63369	 CNW	 TTAGG	 94790	 65.482	 1	
Sinotaia	quadrata	 SC07_Sichuan	 104.07721	 30.63369	 CNW	 TCTCT	 2503128	 120.767	 2352	
Sinotaia	quadrata	 SC08_Sichuan	 104.07721	 30.63369	 CNW	 AAGCG	 1106706	 77.253	 1236	
Sinotaia	quadrata	 SG306_Shiga	 136.28629	 35.49361	 JPM	 GGTCT	 3191553	 144.515	 2115	
Sinotaia	quadrata	 SKR03_SouthKorea	 126.75186	 35.37214	 SKR	 AGTCA	 5624289	 222.025	 2407	
Sinotaia	quadrata	 SKR06_SouthKorea	 126.75186	 35.37214	 SKR	 CTTCC	 3395757	 126.778	 2402	
Sinotaia	quadrata	 SKR1988_SouthKorea	 128.78758	 35.77642	 SKR	 GCGCC	 4797459	 254.041	 1986	
Sinotaia	quadrata	 SKR1989_SouthKorea	 128.78758	 35.77642	 SKR	 GTGTG	 2419178	 132.272	 1830	
Sinotaia	quadrata	 SKR1990_SouthKorea	 128.78758	 35.77642	 SKR	 GTTTT	 2796738	 151.838	 1852	
Sinotaia	quadrata	 SKR1991_SouthKorea	 128.78758	 35.77642	 SKR	 GTGAA	 3774515	 205.238	 2012	
Sinotaia	quadrata	 SKR1992_SouthKorea	 128.78758	 35.77642	 SKR	 ACGTA	 7093050	 331.853	 2253	
Sinotaia	quadrata	 SKR1993_SouthKorea	 128.78758	 35.77642	 SKR	 ACCCC	 2769039	 153.532	 1787	
Sinotaia	quadrata	 SL05_Shilin	 103.31128	 24.81002	 CNW	 GTACA	 3253876	 141.633	 2327	
Sinotaia	quadrata	 SZ12_Shizuoka	 137.73195	 34.74079	 JPM	 GGAAG	 3632951	 149.442	 2386	
Sinotaia	quadrata	 SZ18_Shizuoka	 137.73195	 34.74079	 JPM	 CGTTT	 2230626	 103.119	 2381	
Sinotaia	quadrata	 TN03_Tainan	 120.29436	 23.19994	 CNE	 TTAAT	 4754395	 194.653	 2115	
Sinotaia	quadrata	 V1014_Tainan	 120.29436	 23.19935	 CNE	 GATCG	 5103501	 206.927	 2438	
Sinotaia	quadrata	 V118_Shiga	 135.97962	 35.14886	 JPM	 GGGGA	 1712188	 100.064	 1417	
Sinotaia	quadrata	 V1239_Yilan	 121.76328	 24.63771	 CNM	 GCGCC	 6357423	 225.817	 2140	
Sinotaia	quadrata	 V1438_Nagano	 138.14322	 36.70559	 JPE	 TTTTA	 2660575	 141.269	 1968	
Sinotaia	quadrata	 V1479_Fukuoka	 130.67861	 33.39731	 JPE	 GTACA	 3815711	 177.57	 2174	
Sinotaia	quadrata	 V1480_Fukuoka	 130.67861	 33.39731	 JPE	 TTCCA	 6021970	 271.415	 2254	
Sinotaia	quadrata	 V295_Shiga	 136.21744	 35.24628	 JPM	 ATATC	 5038969	 234.871	 2289	
Sinotaia	quadrata	 V321_Okayama	 133.95301	 34.58821	 JPW	 CGACA	 3241203	 164.689	 1985	
Sinotaia	quadrata	 V330_Okayama	 133.90937	 34.6808	 JPW	 CTTCC	 4706537	 246.1	 2163	
Sinotaia	quadrata	 V547_Osaka	 135.54308	 34.56483	 JPM	 TTTAG	 5645063	 261.825	 2329	
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Sinotaia	quadrata	 V682_Osaka	 135.52899	 34.56866	 JPM	 AAGCG	 303832	 33.333	 926	
Sinotaia	quadrata	 V689_Osaka	 135.52899	 34.56866	 JPM	 AGAGT	 798718	 48.329	 1952	
Sinotaia	quadrata	 V783_Vietnam	 106.82302	 21.73836	 CNW	 GGACC	 1831832	 84.415	 2015	
Sinotaia	quadrata	 V823_Vietnam	 106.82302	 21.73836	 CNW	 AATCT	 4730937	 235.064	 1763	
Sinotaia	quadrata	 V909_Miyazaki	 130.97474	 31.88266	 JPK	 AGTCA	 5297705	 307.986	 2160	
Sinotaia	quadrata	 V914_Miyazaki	 130.97474	 31.88266	 JPK	 GGGCG	 2078523	 122.038	 2054	
Sinotaia	quadrata	 V917_Miyazaki	 130.97474	 31.88266	 JPK	 ATGCT	 800889	 62.466	 1580	
Sinotaia	quadrata	 V964_Oita	 131.24077	 33.52913	 JPK	 TAAGA	 6412142	 324.568	 2176	
Sinotaia	quadrata	 V965_Oita	 131.24077	 33.52913	 JPK	 CTCTT	 4130850	 219.469	 2047	
Sinotaia	quadrata	 V972_Oita	 131.24077	 33.52913	 JPK	 GACTA	 7169398	 350.679	 2322	
Sinotaia	quadrata	 V974_Niigata	 139.16439	 37.7585	 JPE	 TATTT	 1506136	 88.338	 1872	
Sinotaia	quadrata	 V976_Niigata	 139.16439	 37.7585	 JPE	 CCCCA	 2632132	 143.144	 2088	
Sinotaia	quadrata	 YL81_Yilan	 121.77606	 24.66726	 CNW	 TGGTT	 2582022	 122.179	 2042	
Sinotaia	quadrata	 YM03_Yamaguchi	 132.21441	 34.14158	 JPW	 TTCTG	 3637531	 170.223	 2415	
Sinotaia	quadrata	 YM30_Yamaguchi	 132.21441	 34.14158	 JPW	 ACCAT	 193203	 73.341	 29	
Sinotaia	quadrata	 YZH29_Yangzonghai	 102.99134	 24.89683	 CNW	 CATGA	 3959712	 157.873	 2472	
Sinotaia	quadrata	 YZH57_Yangzonghai	 102.99134	 24.89683	 CNW	 AAAGG	 3350692	 163.635	 2109	
Sinotaia	quadrata	 YZH73_Yangzonghai	 102.99134	 24.89683	 CNW	 CACAG	 784823	 54.878	 1242	
Heterogen	japonica	 V252_Shiga_H.japonica	 136.20867	 35.25125	 -	 GATCG	 3427968	 114.558	 1334	
Heterogen	japonica	 V1080_Miyagi_H.japonica	 141.10429	 38.72341	 -	 AAAAA	 3112634	 109.188	 1328	
Heterogen	longispira	 V164_Shiga_H.longispira	 135.9319	 35.13318	 -	 CGTTT	 529534	 24.855	 984	
Mekongia	lithophaga	 V788_Vietnam_M.lithophaga	 106.26255	 22.66517	 -	 GGTCT	 2994037	 117.855	 1936	
Mekongia	lithophaga	 V789_Vietnam_M.lithophaga	 106.26255	 22.66517	 -	 AACTG	 3044994	 105.022	 1945	
Mekongia	lithophaga	 V790_Vietnam_M.lithophaga	 106.26255	 22.66517	 -	 TTCTG	 3198015	 139.927	 1946	
Mekongia	lithophaga	 V792_Vietnam_M.lithophaga	 106.26255	 22.66517	 -	 AGGAC	 5883131	 226.277	 1935	
Mekongia	lithophaga	 V793_Vietnam_M.lithophaga	 106.26255	 22.66517	 -	 CACAG	 784823	 34.875	 1846	
Mekongia	lithophaga	 V805_Vietnam_M.lithophaga	 106.82302	 21.73836	 -	 TAGCT	 4212057	 168.128	 1956	
Angulyagra	boettgeri	 V798_Vietnam_A.boettgeri	 	 	 	 	 	 	 	 106.62321	 21.68833	 -	 CATGA	 4910865	 137.933	 180	










from numpy import array 
import moments 
 
def 4Dmodel(p, ns): 
     
     
    nuCn, nuB, nuJk0, nuJk, nuJp0, nuJp, nuKr0, nuKr, mCnB, mCnJk, mCnJp, mJkJp, mJpKr, TCn, TB, TJkJp, 
TJpKr = p 
     
     
    #first step: a single population 
    sts = moments.LinearSystem_1D.steady_state_1D(ns[0] + ns[1] + ns[2] + ns[3]) 
    fs = moments.Spectrum(sts) 
    #integrate for time TAf (with constant population) 
    fs.integrate([nuCn], TCn, 0.05) 
 
     
    #separate into two populations. 
    fs = moments.Manips.split_1D_to_2D(fs, ns[0], ns[1] + ns[2] + ns[3]) 
    mig1=numpy.array([[0, mCnB],[mCnB, 0]]) 
    fs.integrate([nuCn, nuB], TB, 0.05, m=mig1) 
     
     
    #split into three pops 
    fs = moments.Manips.split_2D_to_3D_2(fs, ns[1], ns[2] + ns[3]) 
    nuJk_func = lambda t: nuJk0*(nuJk/nuJk0)**(t/TJkJp) 
    nuJp_func = lambda t: nuJp0*(nuJp/nuJp0)**(t/TJkJp) 
    nuB = lambda t: [nuCn, nuJk_func(t), nuJp_func(t)] 
    mig2=numpy.array([[0, mCnJk, mCnJp],[mCnJk, 0, mJkJp],[mCnJp, mJkJp, 0]]) 
    fs.integrate(nuB, TJkJp, 0.05, m=mig2) 
     
     
    fs = moments.Manips.split_3D_to_4D_3(fs, ns[2], ns[3]) 
    nuJp_func = lambda t: nuJp0*(nuJp/nuJp0)**(t/TJpKr) 
    nuKr_func = lambda t: nuKr0*(nuKr/nuJp0)**(t/TJpKr) 
    nuB = lambda t: [nuCn, nuJk_func(t), nuJp_func(t), nuKr_func(t)] 
     
    mig3=numpy.array([[mCnJk, mCnJp, mJkJp, 0],[0, mCnJk, mJpKr, mJkJp],[mJkJp, 0, mCnJk, 
mCnJp],[mJpKr,mJkJp,0,mCnJk]]) 
    fs.integrate(nuB, TJpKr, 0.05, m=mig3) 
                                 











data = moments.Spectrum.from_file('CNE-JPK-JPO-SKR.sfs') 
ns = data.sample_sizes 
 
func = 4Dmodel.4Dmodel 
 
 
# Now let's optimize parameters for this model. 
upper_bound = [100,100,100,100,100,100,100,100,10,10,10,10,10,3,3,3,3] 
lower_bound = [1e-2,1e-2,1e-2,1e-2,1e-2,1e-2,1e-2,1e-2,0,0,0,0,0,0,0,0,0] 
 





p0 = moments.Misc.perturb_params(p0, fold=1, upper_bound=upper_bound, lower_bound=lower_bound) 
 
print('Beginning optimization ************************************************') 
popt = moments.Inference.optimize_log(p0, data, func, lower_bound=lower_bound, upper_bound=upper_bound, 
verbose=len(p0), maxiter=100) 
 










import numpy, pylab 




data = moments.Spectrum.from_file('CNE-JPK-JPO-SKR.sfs') 
ns = data.sample_sizes 
 
p = [24.105,0.1477,2.0013,0.4869,3.0068,1.477,0.7073,0.9663, 
     0.1455,0.3217,0.2821,0.3403,0.7819,0.5112,2.9931,0.7276,0.1607] 
 
model = 4Dmodel.4Dmodel 
 
 
plot_mod = moments.ModelPlot.generate_model(model, p, ns) 
moments.ModelPlot.plot_model(plot_mod, save_file='sinotaia_4D_model.png', 
                             pop_labels = ['CNE', 'JPK', 'JPO', 'SKR'], 
                             nref = 6.89e+5, 
                             gen_time = 0.001, 
                             gen_time_units = "Kyr", 









Species	 Longitude	 Latitude	 Data	sourcce	
Sinotaia_quadrata	 -64.462541	 -31.328589	 GBIF	
Sinotaia_quadrata	 128.16	 36.29	 GBIF	
Sinotaia_quadrata	 128.16	 36.29	 GBIF	
Sinotaia_quadrata	 11.03	 43.81	 GBIF	
Sinotaia_quadrata	 128.16	 36.29	 GBIF	
Sinotaia_quadrata	 126.566252	 36.388502	 GBIF	
Sinotaia_quadrata	 121.82159	 24.658286	 GBIF	
Sinotaia_quadrata	 121.510406	 25.101698	 GBIF	
Sinotaia_quadrata	 135.80764	 34.673341	 GBIF	
Sinotaia_quadrata	 120.8971	 23.8518	 GBIF	
Sinotaia_quadrata	 120.8971	 23.8518	 GBIF	
Sinotaia_quadrata	 120.435	 24.05583	 GBIF	
Sinotaia_quadrata	 120.8971	 23.8518	 GBIF	
Sinotaia_quadrata	 120.5255	 22.8997	 GBIF	
Sinotaia_quadrata	 120.8971	 23.8518	 GBIF	
Sinotaia_quadrata	 120.5232	 24.0759	 GBIF	
Sinotaia_quadrata	 135.8867	 35.0084	 GBIF	
Sinotaia_quadrata	 121.36563	 31.12872	 GBIF	
Sinotaia_quadrata	 137.391	 34.7539	 GBIF	
Sinotaia_quadrata	 135.755	 35.0091	 GBIF	
Sinotaia_quadrata	 121.36563	 31.12872	 GBIF	
Sinotaia_quadrata	 105	 22	 GBIF	
Sinotaia_quadrata	 120.6138	 31.3077	 GBIF	
Sinotaia_quadrata	 118.7674	 32.0442	 GBIF	
Sinotaia_quadrata	 105.7766	 20.9867	 GBIF	
Sinotaia_quadrata	 121.724167	 24.723333	 GBIF	
Sinotaia_quadrata	 137.43109	 34.72039	 GBIF	
Sinotaia_quadrata	 137.43109	 34.72039	 GBIF	
Sinotaia_quadrata	 137.43109	 34.72039	 GBIF	
Sinotaia_quadrata	 137.43109	 34.72039	 GBIF	
Sinotaia_quadrata	 137.43109	 34.72039	 GBIF	
Sinotaia_quadrata	 137.43109	 34.72039	 GBIF	
Sinotaia_quadrata	 136.04449	 35.62117	 GBIF	
Sinotaia_quadrata	 136.04449	 35.62117	 GBIF	
Sinotaia_quadrata	 135.86783	 35.00379	 GBIF	
Sinotaia_quadrata	 139.31152	 35.30693	 GBIF	
Sinotaia_quadrata	 139.31152	 35.30693	 GBIF	
Sinotaia_quadrata	 135.335556	 34.7775	 GBIF	
Sinotaia_quadrata	 135.276389	 34.913889	 GBIF	
Sinotaia_quadrata	 133.696111	 34.709722	 GBIF	
Sinotaia_quadrata	 135.171111	 35.025833	 GBIF	
Sinotaia_quadrata	 135.806111	 34.894167	 GBIF	
Sinotaia_quadrata	 135.785556	 34.488333	 GBIF	
Sinotaia_quadrata	 135.335	 34.779167	 GBIF	
Sinotaia_quadrata	 135.1925	 34.816111	 GBIF	
Sinotaia_quadrata	 135.156389	 34.976111	 GBIF	
Sinotaia_quadrata	 135.206944	 34.912778	 GBIF	
Sinotaia_quadrata	 135.276389	 34.913889	 GBIF	
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Sinotaia_quadrata	 139.758056	 35.674444	 GBIF	
Sinotaia_quadrata	 135.516667	 34.721389	 GBIF	
Sinotaia_quadrata	 135.900833	 34.9775	 GBIF	
Sinotaia_quadrata	 135.113333	 34.649444	 GBIF	
Sinotaia_quadrata	 135.176111	 34.720278	 GBIF	
Sinotaia_quadrata	 134.005833	 35.069444	 GBIF	
Sinotaia_quadrata	 138.688611	 36.5475	 GBIF	
Sinotaia_quadrata	 138.919722	 36.304444	 GBIF	
Sinotaia_quadrata	 138.863611	 36.263333	 GBIF	
Sinotaia_quadrata	 138.877222	 36.220556	 GBIF	
Sinotaia_quadrata	 139.192778	 36.3575	 GBIF	
Sinotaia_quadrata	 138.828333	 36.265556	 GBIF	
Sinotaia_quadrata	 138.875833	 36.220556	 GBIF	
Sinotaia_quadrata	 138.886111	 36.254167	 GBIF	
Sinotaia_quadrata	 138.813056	 36.225556	 GBIF	
Sinotaia_quadrata	 114.168351	 22.495907	 GBIF	
Sinotaia_quadrata	 -64.50233	 -31.09694	 GBIF	
Sinotaia_quadrata	 94.07	 42.22	 GBIF	
Sinotaia_quadrata	 121.3	 23.56	 GBIF	
Sinotaia_quadrata	 135.10254	 34.665527	 GBIF	
Sinotaia_quadrata	 145.7369	 15.2116	 GBIF	
Sinotaia_quadrata	 135.55701	 34.844799	 GBIF	
Sinotaia_quadrata	 135.64799	 34.735401	 GBIF	
Sinotaia_quadrata	 135.483	 34.556801	 GBIF	
Sinotaia_quadrata	 105	 35	 GBIF	
Sinotaia_quadrata	 105	 22	 GBIF	
Sinotaia_quadrata	 105.85	 21.033333	 GBIF	
Sinotaia_quadrata	 105.85	 21.033333	 GBIF	
Sinotaia_quadrata	 105	 22	 GBIF	
Sinotaia_quadrata	 120.263024	 31.91102	 GBIF	
Sinotaia_quadrata	 121.469969	 31.654042	 GBIF	
Sinotaia_quadrata	 140.13	 39.74	 GBIF	
Sinotaia_quadrata	 140.09	 39.96	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
Sinotaia_quadrata	 130.40997	 33.16196	 GBIF	
Sinotaia_quadrata	 130.40997	 33.16196	 GBIF	
Sinotaia_quadrata	 137.11214	 36.67834	 GBIF	
Sinotaia_quadrata	 137.11214	 36.67834	 GBIF	
Sinotaia_quadrata	 137.11214	 36.67834	 GBIF	
Sinotaia_quadrata	 137.11214	 36.67834	 GBIF	
Sinotaia_quadrata	 137.11214	 36.67834	 GBIF	
Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
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Sinotaia_quadrata	 137.10728	 36.66645	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 137.05	 36.42	 GBIF	
Sinotaia_quadrata	 136.56	 36.41	 GBIF	
Sinotaia_quadrata	 136.56	 36.41	 GBIF	
Sinotaia_quadrata	 136.56	 36.41	 GBIF	
Sinotaia_quadrata	 136.56	 36.41	 GBIF	
Sinotaia_quadrata	 136.56	 36.41	 GBIF	
Sinotaia_quadrata	 136.56	 36.41	 GBIF	
Sinotaia_quadrata	 137.0217	 36.74867	 GBIF	
Sinotaia_quadrata	 137.0217	 36.74867	 GBIF	
Sinotaia_quadrata	 137.0217	 36.74867	 GBIF	
Sinotaia_quadrata	 116.733333	 39.9	 GBIF	
Sinotaia_quadrata	 116.5	 40.25	 GBIF	
Sinotaia_quadrata	 120.168889	 30.255278	 GBIF	
Sinotaia_quadrata	 107.066667	 23.083333	 GBIF	
Sinotaia_quadrata	 115	 27.133333	 GBIF	
Sinotaia_quadrata	 121.466667	 31.233333	 GBIF	
Sinotaia_quadrata	 77	 20	 GBIF	
Sinotaia_quadrata	 105	 35	 GBIF	
Sinotaia_quadrata	 105	 35	 GBIF	
Sinotaia_quadrata	 109.368333	 35.991389	 GBIF	
Sinotaia_quadrata	 120.266667	 31.9	 GBIF	
Sinotaia_quadrata	 120.266667	 31.9	 GBIF	
Sinotaia_quadrata	 106.520556	 9.761667	 GBIF	
Sinotaia_quadrata	 141.32549	 40.7109	 This	study	
Sinotaia_quadrata	 141.32549	 39.91159	 This	study	
Sinotaia_quadrata	 140.065	 38.20503	 This	study	
Sinotaia_quadrata	 140.30995	 37.41986	 This	study	
Sinotaia_quadrata	 139.36815	 35.34148	 This	study	
Sinotaia_quadrata	 137.73195	 34.74079	 This	study	
Sinotaia_quadrata	 137.97012	 36.27872	 This	study	
Sinotaia_quadrata	 136.9	 35.13	 This	study	
Sinotaia_quadrata	 135.73082	 34.67111	 This	study	
Sinotaia_quadrata	 135.52899	 34.56866	 This	study	
Sinotaia_quadrata	 133.80557	 34.26782	 This	study	
Sinotaia_quadrata	 133.59092	 33.52595	 This	study	
Sinotaia_quadrata	 132.21441	 34.14158	 This	study	
Sinotaia_quadrata	 130.65568	 32.75014	 This	study	
Sinotaia_quadrata	 129.864	 32.798	 This	study	
Sinotaia_quadrata	 130.25028	 31.82426	 This	study	
Sinotaia_quadrata	 125.30809	 43.85745	 This	study	
Sinotaia_quadrata	 117.388	 31.7157	 This	study	
Sinotaia_quadrata	 118.78347	 32.1067	 This	study	
Sinotaia_quadrata	 120.11192	 30.27164	 This	study	
Sinotaia_quadrata	 119.14888	 29.49127	 This	study	
Sinotaia_quadrata	 112.6341	 30.9206	 This	study	
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Sinotaia_quadrata	 115.99929	 29.70966	 This	study	
Sinotaia_quadrata	 104.07721	 30.63369	 This	study	
Sinotaia_quadrata	 102.99134	 24.89683	 This	study	
Sinotaia_quadrata	 103.31128	 24.81002	 This	study	
Sinotaia_quadrata	 114.11083	 22.51421	 This	study	
Sinotaia_quadrata	 121.77606	 24.66726	 This	study	
Sinotaia_quadrata	 120.29436	 23.19994	 This	study	
Sinotaia_quadrata	 106.26256	 22.66817	 This	study	
Sinotaia_quadrata	 106.82302	 21.73836	 This	study	
Sinotaia_quadrata	 121.583333	 25.083333	 Chiu	et	al.	(2002)	
Sinotaia_quadrata	 121.416667	 25	 Chiu	et	al.	(2002)	
Sinotaia_quadrata	 121	 24.866667	 Chiu	et	al.	(2002)	
Sinotaia_quadrata	 120.466667	 23.416667	 Chiu	et	al.	(2002)	
Sinotaia_quadrata	 121.083333	 23.833333	 Chiu	et	al.	(2002)	
Sinotaia_quadrata	 121	 24.866667	 Chiu	et	al.	(2002)	
Sinotaia_quadrata	 128.281944	 36.494722	 Park	(2015)	
Sinotaia_quadrata	 127.292778	 35.384722	 Lee	(2009)	
Sinotaia_quadrata	 113.359464	 23.160747	 Huang	et	al.	(2018)	
Sinotaia_quadrata	 136.668944	 36.6515	 Kagawa	et	al.	(2019)	
Sinotaia_quadrata	 141.132912	 38.719288	 Fujibayashi	et	al.	(2008)	
Sinotaia_quadrata	 114.002047	 22.472644	 Wong	et	al.	(2008)	
Sinotaia_quadrata	 140.335988	 36.031697	 Nishiwaki	et	al.	(2008)	
Sinotaia_quadrata	 117.305136	 34.648492	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 118.739906	 33.444103	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 120.133472	 31.433461	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 117.402136	 31.532422	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 116.5799	 29.234861	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 114.4735	 30.277578	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 113.466536	 29.883944	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 113.139403	 29.344867	 Gu,	Zhang,	et	al.	(2015)	
Sinotaia_quadrata	 120.202278	 30.226866	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 120.080383	 30.065605	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 119.416987	 29.975145	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 119.649593	 29.680695	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 119.58467	 29.604261	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 119.220823	 29.474488	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 119.141867	 29.482148	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 118.404065	 29.330608	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 118.507948	 28.911348	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 118.41489	 29.287575	 Jiang	et	al.	(2014)	
Sinotaia_quadrata	 119.937954	 31.29314	 Gu	et	al.	(2012b)	
Sinotaia_quadrata	 115.045737	 30.200173	 Wang	et	al.	(2012)	
Sinotaia_quadrata	 109.185369	 27.711266	 Liang	et	al.	(2012)	
Sinotaia_quadrata	 113.197978	 33.73192	 Gu,	Cheng,	et	al.	(2015)	
Sinotaia_quadrata	 114.133401	 32.451691	 Gu,	Cheng,	et	al.	(2015)	
Sinotaia_quadrata	 111.644019	 32.771786	 Gu,	Cheng,	et	al.	(2015)	
Sinotaia_quadrata	 114.429339	 30.542194	 Gu,	Cheng,	et	al.	(2015)	
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Sinotaia_quadrata	 112.478428	 26.548969	 Liu	and	Hu	(2007)	
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Sinotaia_quadrata	 109.1825	 23.761111	 Gu	et	al.	(2020)	
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